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EXPERIMENTAL STUDIES THE ETIOLOGY TYPHUS 
FEVER. 


CONCURRENT INFECTIONS DURING THE COURSE EXPERIMENTAL 
FEVER GUINEA PIGs. 


PETER OLITSKY, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, June 14, 1921.) 
INTRODUCTION. 


The past years have witnessed energetic investigation into 
the precise nature the virus typhus fever. From the earlier 
work Nicolle and his associates, Anderson and Goldberger, and 
Ricketts and Wilder, the recent efforts number other 
investigators, the exact pathology the disease man and the 
experimental animal has been defined, the carrier the virus and 
the mode its spread have been determined, and our knowledge 
the action the virus has been. amplified. 

During this period number bacteria have 
brought forward the inciting agent the disease; and the two 
for which certain proofs relationship typhus fever have been 
presented are the Rocha-Lima! and the 

The writer was led several years ago the acceptance the 
etiological relationship Plotz’ bacillus typhus fever the 
fact that found specific antibodies against the organism the 
blood typhus that with it, was believed, experimental 
typhus guinea pigs had been induced! and that similar bacterium 
was recovered from typhus-infected 


Rocha-Lima, H., Arch. Schiffs- Tropen-Hyg., 1916, xx, 17. 

H., Am. Med. Assn., 1914, 1556. 

H., Presse méd., 1914, xxii, 411. 

4Plotz, H., Olitsky, K., and Baehr, G., Dis., 1915, xvii, 

K., Denzer, S., and Husk, E., Infect. Dis., 1916, xix, 811. 
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With reference the presence specific antibodies, was gen- 
erally believed the time the work was done that their demon- 
stration was the utmost importance establishing etiological 
relationship between organism and the disease which such 
antibodies were found. But during the years which have passed, 
increasing knowledge has shed new light the significance spe- 
cific antibodies and the nature the typhus virus. demon- 
strated that blood typhus patients readily agglutinated intestinal, 
colon-like bacilli. More recently, Weil and recovered proteus 
bacilli, termed them proteus from the urine 
typhus patients which not only were agglutinated the serum from 
these cases but also were agglutinated even higher degree 
than Plotz’ bacillus. Furthermore, the agglutination with pro- 
or, this commonly designated, the Weil-Felix reaction, 
corresponds not infrequently immunity reaction; that is, the 
agglutinins appear late the disease, increase concentration 
the crisis, and persist for months and others). 
Complement-fixing, bacteriolytic well precipitating antibodies 
against the bacilli have also been observed the blood 
typhus were subsequently found for still 
other organisms. For example, Neukirch and isolated 
from the stools typhus patients strain pyocyaneus which 
was .agglutinated the serum typhus patients manner 
noted similar reaction with Micrococcus melitensis. Werner and 
and observed agglutinins for the typhoid 
bacillus. 

Hence the question arises the significance the antibodies 
against Plotz’ bacillus occurring the blood typhus patients. 


J., Hyg., 1909, lx, 332; 1910, 155. 
E., and Felix, Wien. klin. Woch., 1916, xxix, 974. 
W., Centr. Bakt., Abt., Orig., 1918, 304. 
G., Ann. ig., 1920, xxx, 593. 
literature this subject extensively reviewed Zlocisti, T., Ergebn. 
Hyg., 1920, iv, 100. 
P., and Kreuscher, A., Beitr. Klin. Infektionskrankh., 1920, viii, 68. 
Ann. ig., 1920, xxx, 395 
H., and Leoneanu, E., med. Woch., 1918, 587. 
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With regard the second point, that experimental typhus fever 
can induced with Bacillus typhi exanthematici, doubt cast upon 
this belief later studies. have indicatedin previous 
four requisites determine experimental typhus fever: induction 
the typical disease through inoculation from animal animal, 
indefinitely; presence the characteristic vascular lesions, es- 
pecially the brain; (c) absence secondary infections with ordi- 
nary bacteria; and (d) development recovered animals immunity 
subsequent injections typhus virus. All these requirements 
should fulfilled given case, since has shown 
that non-specific fevers which simulate experimental typhus fever 
can occur guinea pigs. The four requirements have not been met 
the experiments with the Plotz bacillus. 

respect the third point, namely the isolation organism 
similar the Plotz bacillus from typhus-infected lice, the subse- 
quent demonstration rickettsia bodies this insect involves the 
question their identity. From purely morphological compari- 
son, the assumption was made that Bacillus typhi was 
identical with but the latter 
bodies have thus far resisted all efforts artificial cultivation, in- 
cluding even the method 

this paper shall describe the occurrence concurrent in- 
fections among guinea pigs the line transmission human and 
louse strains Polish typhus fever virus, which obtained through 
the kindness Dr. Wolbach, and another human strain, 
which have recovered from Czecho-Slovak immigrant recently 
arrived the Port New York. These strains, described pre- 


vious have been shown identical cross- 
immunity tests. 


Method. 


The three strains typhus virus were propagated guinea pigs 
means the intraperitonea! injection cc. the blood from 
antecedent affected animal. The blood was obtained cardiac 


Olitsky, K., Exp. Med., 1921, xxxiv, 365. 
E., Orig., 1920, xxix, 125. 
Schultz, W., Am. Med. Sc., 1921, clxi, 78. 
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puncture!’ with sterile needle and syringe previously washed 
per cent sodium citrate solution. Immediately before the next 
series normal guinea pigs was injected with this blood, was 
inoculated into various media, including the Plotz medium employed 
for the cultivation Bacillus typhi the Smith-Noguchi 
anaerobic tissue human ascitic fluid with without petro- 
latum, horse serum diluted 1:3 with saline solution, and per cent 
dextrose broth with without rabbit blood. addition the 
blood, the splenic tissue the guinea pigs, cut small fragments, 
was likewise subjected cultivation the same kinds media. 


Cultivation. 


The blood and splenic tissue guinea pigs the line trans- 
mission the three strains typhus virus were thus investigated. 
Different bacteria were found the animals, either the blood 
the spleen both. Table summarizes the kinds bac- 
teria cultivated and the number guinea pigs which they were 
found. 
TABLE 
Kinds Bacteria and Frequency Occurrence. 


No. guinea pigs which 
Kind bacteria were found. 


Spleen. Blood. 


Anaerobic streptococcus 

type bacillus 
Aerobic 
proteus 


NO OW 


the table shows, various bacteria were found the cultures 
24, per cent, the guinea pigs studied during the 


anesthesia was given the animals during the operation. Chlo- 
roform was employed instead ether order prevent explosions while working 
near Bunsen flame. 


18Gates, L., and Olitsky, K., Exp. Med., 1921, xxxiii, 51. 
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course experimental typhus fever. The more frequent among these 
organism indistinguishable from Bacillus typhi exanthematici 
Plotz. two animals, however, this organism was found the 
blood but not the spleen, which yielded pure cultures 
type bacilli; third, the Plotz bacillus was found the blood 
conjunction with anaerobic streptococcus. Finally, three guinea 
pigs which showed the Plotz organism the spleen did not show 
the blood. 

The lack regularity occurrence any these microorganisms 
further emphasized analysis the stage experimental 
typhus fever which they were encountered. Thus the blood 
the guinea pigs the line transmission the typhus virus was 
taken and cultured during the period incubation, and the 
2nd, 3rd, and 4th days the fever. 


Blood Cultures during the Incubation Period. 


Nicolle and Blaizot!® have demonstrated that the blood 
monkey injected with typhus virus infective for other animals 
hours before the onset fever; Doerr and showed that 
guinea pigs are infective days after inoculation with virus. 
Our own experience indicates that the blood inoculated guinea 
pigs infective days prior the onset fever, about 
days after inoculation. any event, the material used the 
experiments summarized Table sufficed induce typical ex- 
perimental fever injection into normal guinea pigs. will 
noted from this table that the blood all the guinea pigs, seven 
number, taken the 6th 10th days after inoculation and before 
the onset failed yield culture any the bacteria 
mentioned Table Yet this blood was virulent, for each 
instance was capable reproducing guinea pigs typical ex- 
perimental typhus fever. 


19Nicolle, C., and Blaizot, L., Arch. Inst. Pasteur Tunis, 1916, ix, 127. 

20Doerr, R., and Pick, R., Wien. klin. Woch., 1918, xxxi, 829. 

21Tn series over 100 guinea pigs, inoculated with typhus virus, which 
have observed, the incubation period varied from 19. days, averaging 
days. The febrile period, continued temperature 40°C., higher, varied 
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other words, typhus virus taken before the onset fever the 
experimental disease free from admixture with any ordinary 
bacteria. 


TABLE II. 
Blood Cultures during the Incubation Period. 


Period incubation. Results culture. 


days 


growth. 
“ 


“ 


“ 


“ “ 


Cultures Blood and Spleen the 1st Day Fever. 


series twenty-six guinea pigs, cultures the blood and 
spleen were made the ist day fever. Table summarizes 
the results these cultures. The table shows that the conditions 
met with during the period incubation the virus have undergone 
six the guinea pigs, per cent, the active blood 
spleen, both, yielded different kinds bacteria. With the 
blood itself typical experimental typhus fever could reproduced 
transmission,” excepting with that containing Bacillus 
although the characteristic lesions were found the antecedent 
animals. the different bacteria encountered, the Plotz bacillus 
was more often met with than the others. The remaining twenty 
animals yielded none these bacteria. 

the animals which the type bacilli, Bacillus proteus, 
and the staphylococci were found, the spleen was very much en- 
larged and was covered with fibrinous exudate, while the remaining 
viscera and peritoneum were deeply congested. the animals 
which the other bacteria were encountered, the pathological picture 
was indistinguishable from that typical experimental typhus 


event the virus showing ordinary bacteria, can usually freed from 
them subcutaneous instead intraperitoneal inoculation guinea pigs. 


ab 
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TABLE 
Cultures Blood and Spleen the 1st Day Fever. 


Bacteria recovered. 
incubation. 
Spleen. Blood. 
days 

None. None. 
8 “ 

12 “ 

Anaerobic streptococcus. 

typhi exanthematici Plotz. 
None. 
Aerobic diphtheroid. 
None. 
proteus. 
None. 
8 

type bacillus. typhi exanthematici Plotz. 
None. None. 
9 “ 
6 “ “ 
9 | 

19 
9 “ “ 

1 
9 “ 
6 | “ 
6 

10 “ “ 
Staphylococcus aureus. 
None. 
8 


Cultures Blood and Spleen the 2nd Day Fever. 


series sixteen guinea pigs, cultures the blood and spleen 
were made the 2nd day the febrile reaction. The results 
these cultures are given Table IV. Table shows that the 
variety and number bacteria encountered association with the 
active blood and spleen become larger, proportion the duration 
the fever. Indeed, 10, 62.5 per cent, the guinea pigs the 
2nd day the fever yielded from the blood spleen, both, differ- 
ent bacteria, among which the Plotz bacillus and anaerobic strep- 
tococci were the ones most frequently found. 
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this series, the previous one, the guinea pigs which the 
blood spleen yielded growths staphylococci, bacilli the 
ner type, and Welch’s bacilli showed distinctive pathological effects 
such fibrinous splenitis and congestion the other organs; while 
those which the other bacteria were found, exhibited merely the 
lesions experimental typhus fever. 


TABLE 
Cultures Blood and Spleen the 2nd Day Fever. 


Period Bacteria recovered. 
incubation. 
Spleen. Blood. 
days 
None. None. 
5 “ “ 
typhi exanthematici Plotz. 
8 “ “ “ “ “ 
None. 
6 “ 
type bacillus. Girtner type bacillus. 
typhi exanthematici Plotz. None. 
None. 
Anaerobic streptococcus. 
welchii. Staphylococcus aureus. 
None. typhi Plotz and 
anaerobic streptococcus. 
Aerobic diphtheroid. None. 
None. Anaerobic streptococcus. 
Aerobic Gram-positive diplobacil- 
lus. 
None. 


Cultures Blood and Spleen the 3rd Day Fever. 


series four typhus guinea pigs cultures the blood and 
spleen were made the 3rd day the fever. The results these 
cultures are tabulated Table which shows that the 3rd day 
the fever three the four animals yielded cultivation the 
blood and spleen variety bacteria, among which were Bacillus 


typhi Plotz, type bacilli, and anaerobic 
streptococci. 
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TABLE 
Cultures Blood and Spleen the 3rd Day Fever. 


Bacteria recovered. 
incubation. 
Spleen. Bleod. 
days 
typhi exanthematici Plotz. None. 
type bacillus. type bacillus. 
None. Anaerobic streptococcus. 
None. 


Cultures Blood and Spleen the 4th Day Fever. 


Table résumé given the results the cultures the 
active blood and spleen made from four guinea pigs the 4th day 
the experimental disease. These cultures yielded from the blood 
and spleen bacteria, among which Staphylococcus aureus was found 
the blood and spleen two animals, Plotz’ bacillus the spleen 
but not the blood the third animal, and Bacillus proteus the 
blood only the fourth. 


TABLE VI. 
Cultures Blood and Spleen the 4th Day Fever. 


Period Bacteria recovered. 
incubation. 
Spleen. Blood. 
days 
typhi exanthematici Plotz. None. 
Staphylococcus aureus. Staphylococcus aureus. 


8 “ “ “ 


None. proteus. 


sum the results given the tables, may stated that the 
typhus virus can obtained during the period incubation the 
experimental disease free from admixture with any the ordinary 
bacteria, while various bacteria are encountered during the febrile 
reaction, the variation kind and the number becoming larger 
proportion the duration the fever. 


| 
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Pathogenicity Experiments. 


was noted that typhus guinea pigs which Plotz’ bacilli, an- 
aerobic streptococci, aerobic diphtheroids, and Gram-positive dip- 
lobacilli were encountered, showed the same pathological picture 
that found the animals with the experimental disease which 
bacteria were present. Our attention was therefore directed the 
probable non-pathogenic nature these microorganisms. 

proceeded put this idea experimental test. For 
this purpose four different cultures the Plotz bacillus the Smith- 
Noguchi medium were obtained from the blood guinea pigs 
during the febrile reaction the experimental disease. The bac- 
terial content cc. this medium after days incubation was 
centrifuged, suspended cc. saline solution, and inoculated 
intraperitoneally into four guinea pigs. action was noted during 
this experiment the four guinea pigs were inoculated with the usual 
amount, namely cc., guinea pig blood containing typhus virus, 
two the guinea pigs with the human strain the Polish virus 
and two with the louse strain the same virus. After average 
period incubation days all showed febrile reactions indicative 
experimental typhus fever and the blood was found capable 
transmitting the typical disease other guinea pigs. Thus the 
cultures Bacillus typhi failed either induce the 
experimental disease set immunity subsequent injection 
the typhus virus. The anaerobic streptococci, aerobic diphthe- 
roids, and the Gram-positive diplobacilli tested the same manner 
also failed. 


DISCUSSION AND SUMMARY. 


The work reported this paper relates the bacteria which can 
cultivated from the blood and spleen guinea pigs different 
stages infection with the virus typhus fever. 

The studies show that during the period incubation and before 
the onset fever ordinary bacteria appear the cultures, while 
the ist day the febrile reaction different bacteria were found 
3rd day, and the 4th day cultures all the guinea 
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pigs observed. The findings indicate that the virus typhus fever 
distinct from ordinary cultivable bacteria, and, the disease set 
the virus progresses, the infected guinea pigs become subject 
invasion secondary concurrent bacteria which thus induce 
mixed infection. 

The bacteria which under the influence the virus typhus 
fever thus invade the body the guinea pig are several kinds, and 
vary not only among themselves, but also with the day the fever 
which the examination made. Thus, the ist day the 
fever Plotz’ bacilli were recovered twice and anaerobic streptococci, 
proteus bacilli, aerobic diphtheroids, type bacilli, and 
lococcus aureus each once. the 2nd day Plotz’ bacilli were found 
four times, anaerobic streptococci three times, type bacilli, 
aerobic diphtheroids, Bacillus aerobic Gram-positive dip- 
lobacilli, and Staphylococcus aureus each once. the 3rd day 
Plotz’ bacilli were recovered once, were anaerobic streptococci 
and .Girtner type bacilli. the 4th day Staphylococcus aureus was 
found twice and Plotz’ bacilli and Bacillus proteus each once. 

This variation the kind bacteria well the lack pre- 
dominance one kind over another during the different stages 
the febrile reaction guinea pigs leads infer that they occur 
concurrently with the typhus virus. And since the more unusual 
these organisms, the Plotz bacillus, the anaerobic streptococcus, 
the aerobic diphtheroid, and the diplobacillus are non-pathogenic for 
guinea pigs, while the more common bacteria such the Gartner 
type bacillus, Welch’s bacillus, the proteus bacillus, and the staphy- 
lococci induce distinctive effects, and since all the bacteria could 
suppressed without their reappearance guinea pig passages the 
virus containing them, believe that they are independent and 
unrelated the true virus typhus fever. 


CONCLUSION. 


the early stages experimental typhus fever guinea pigs, 
the typhus virus can obtained wholly free from admixture with any 
the ordinary bacteria. 

The body the guinea pig reacting the virus typhus fever 
readily invaded variety bacteria whose presence complicates 
the typhus infection, but which have etiological relation the 
specific disease, typhus fever. 


: 
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EXPERIMENTAL MUMPS MENINGITIS. 


MARTHA WOLLSTEIN, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, June 10, 


Meningitis meningoencephalitis complication parotitis 
which occurs children well adults. The incidence varies 
greatly. The highest number cases recorded among 653 
mumps patients observed Massary, Tockmann, and Luce,! 
while none occurred among 1,059 soldiers seen may 
said that while mumps meningitis rare occurrence, appears 
with sufficient frequency kept mind everyone called upon 
treat patients ill with The nervous symptoms may 
precede follow the parotid swelling. More often, however, symp- 
toms meningeal irritation develop during the height the parotid 
lesion. 

work experimental cats, seemed interesting 
attempt produce meningitis means the virus which caused 
the characteristic lesions the salivary glands the inoculated 
animals. With four strains active virus, intrathecal inoculations 
gave only negative results ten cats. Finally, virus was obtained 
the mouth secretions four children the 2nd and 3rd days 
attack typical The filtrate from the pooled mouth 
washings was inoculated into the parotid glands two cats and into 
the subarachnoid space two others. animals used these 
experiments were young cats medium size. The two which had 
been inoculated into the parotid gland developed typical signs 
parotid swelling, leucocytosis, and fever. When killed the 16th 
day, the parotid, submaxillary, and adjacent lymph glands were swol- 


Massary, E., Tockmann, and Luce, Bull. Acad. méd., 1917, 

Brooks, H., Med. Clin. North America, 1918-19, ii, 492. 

M., Exp. Med., 1916, xxiii, 353; 1918, xxviii, 377. 

4We are indebted the courtesy Dr. Lewengood, Attending Physician 
the Hebrew Orphan Asylum, for this material. 
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len, congested, and moist. Microscopically, they showed the epi- 
thelial swelling, edema, and interstitial infiltration characteristic 
human and experimental parotitis. protocol intrathecal 
inoculation experiment follows, and typical. 


Cat 10, 1921. Temperature 38.4°C. Subarachnoid occipito-atlan- 
toid puncture withdrew clear fluid, containing cells and giving negative 
globulin test with the Noguchi Cultures proved negative ordinary 
media. sterile mouth filtrate pooled from four cases mumps, and 
days duration, was injected. 

Mar. cat quiet and refuses food. There internal strabismus 
the left eye. The animal walks slowly, but there paralysis. convul- 
sions. Puncture the cisterna magna withdrew 1.5 cc. turbid fluid under 
greatly increased pressure. bacteria were seen spreads, and cultures did 
not grow. Globulin there were 22,000 cells, which per cent were 
polymorphonuclears and per cent mononuclear leucocytes. 

Mar. 12. Temperature 40°C. Strabismus more marked. The cat walks 
only when disturbed, and irritable when handled. convulsions. Cere- 
brospinal fluid still turbid, containing 18,000 cells, which per cent are 
polymorphonuclears. Globulin Cultures did not grow, aerobically 
anaerobically. 

Mar. 14. Temperature 40°C. The animal prostrated and the strabismus 
still present. Puncture the cisterna magna withdrew fluid under increased 
pressure, but almost clear. The cells numbered 500. Globulin Cultures 
remained sterile. 

Mar. 15. Temperature 39.9°C. Cerebrospinal fluid clear. The strabismus 
has disappeared. The cat thin. 

Mar. 16. Temperature 39°C. Though thin and quiet, the animal 
apparently well. 


Another cat injected into the subarachnoid space with this same 
strain parotitis virus gave symptoms similar those described 
above, and was killed with chloroform the 3rd day. The pia 
mater over the cortex was found cloudy but exudate was 
present. The vessels the pia mater were deeply congested over all 
surfaces the brain. The ventricles were not dilated. Anaerobic 
and aerobic cultures proved negative. Microscopic examination 
showed that all the vessels were filled with blood cells and edema 
the pia was marked. There were only few small groups poly- 
morphonuclear cells around some the smaller vessels. The lesion 
the pia mater mild character just the lesion the parotid is. 


Noguchi, H., Am. Med. Assn., 1921, 632. 
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possible, then, injecting sterile mouth filtrate from early 
mumps cases into the subarachnoid space cats, cause signs 
meningeal irritation. are: increase the amount cere- 
brospinal fluid with abnormal content cells and globulin, in- 
creased intrameningeal pressure, and consequent symptoms irrita- 
bility, ocular irregularity, prostration, and fever. 

remained attempt transmit the meningeal lesion from one 
cat another. This was done with the cerebrospinal fluid from Cat 
and from one other cat which had reacted characteristically. The 
following typical protocol such transmission experiment. 


Cat 21, 1921. Temperature 38.6°C. Occipito-atlantoid puncture 
withdrew clear fluid, containing cells and reacting negatively test for 
globulin. Cultures did not grow. slightly turbid, sterile, cerebrospinal 
fluid obtained from Cat the 3rd day after occipito-atlantoid inoculation with 
active mumps virus was injected into the cisterna magna. 

Mar. Temperature 40.3°C. The animal lies the back the cage and 
refuses food. paralyses are apparent. The left pupil more widely dilated 
than the right. puncture the cistern, turbid cerebrospinal fluid escapes 
under high pressure. Only 0.5 cc. could caught test-tube, and contained 
increased amount globulin with 2,300 cells, which per cent were poly- 
morphonuclear leucocytes. Cultures proved negative. 

Mar. 23. Temperature 40°C. The animal still quiet, the cerebrospinal 
fluid less turbid, and globulin bacteria present. 

Mar. 24. Temperature 39.5°C. The eyes are normal. The cat walks 
slowly and the appetite improved. Cerebrospinal fluid clear and sterile. 


Recovery would seem the rule these cases. The only animal 
which died succumbed the 2nd day because puncturing the 
cisterna magna the needle entered the medulla. 

Three controls were made. Sterile salt solution was injected into 
the cisterna magna cat and caused symptoms other than 
mild rise temperature 0.8°C. for day; the cerebrospinal fluid 
withdrawn was clear. Another control was made injecting into 
the cisterna cc. from sterile, fluid, anaerobic culture which had 
been inoculated days before with sterile extract from the experi- 
mentally swollen parotid gland cat. The injection was followed 
symptoms. The temperature rose only 0.4°C. The cere- 
brospinal fluid the cat remained clear, sterile, and without de- 
monstrable amount globulin. The animal was not prostrated, nor 
did lose weight. The third control was made with the filtrate 
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saliva from normal individual; the injected cat developed 
symptoms. 

The second control was for the purpose noting the effect the 
injection fluid rich protein the meninges, since the culture 
medium was human ascitic fluid. 

The sterile filtrate from the mouth washings patients suffering 
from attack parotitis days duration, when injected into 
the cisterna magna young cats occipito-atlantoid puncture, 
causes signs and symptoms meningtis days duration, 
which end recovery. The picture resembles that mumps menin- 
gitis occurs human beings, but differs from the high 
polymorphonuclear cellreaction evidenced the cerebrospinal fluid. 
Flexner and showed that the injection sterile horse serum 
into the subarachnoid space monkeys caused aseptic inflamma- 
tion mild degree, which reached its maximum hours. Poly- 
morphonuclear cells predominated the exudate. polymorphonu- 
clear reaction was also found Ayer’ aseptic meningitis caused 
the injection normal rabbit serum into the meninges cats; 
but this meningitis was only day’s duration and accompanied 
general symptoms. However, the fact that our experiments 
neither sterile salt solution, sterile ascitic fluid, nor sterile saliva 
from normal person caused the meningeal reaction brought about 
the injection the filtrate containing active mumps virus, 
would seem argue that the reaction caused the filtrate was 
due some factor other than either albuminous fluid salt 
solution. 


SUMMARY. 


has been shown that aseptic meningitis days duration 
and favorable prognosis can induced cats intrathecal injection 
sterile saliva filtrate from early cases parotitis, and that such 
meningitis can transmitted other cats injecting the cerebro- 
spinal fluid the same manner. The cerebrospinal fluid does not, 
any time, contain bacteria which grow with the ordinary culture 
methods. 


Flexner, S., and Amoss, L., Exp. Med., 1914, xx, 249. 

H., Wegeforth, P., Ayer, B., and Felton, D., study ex- 
perimental meningitis. series papers from the Army Neuro-Surgical Lab- 
oratory, Monograph The Rockefeller Institute for Medical Research, No. 12, 
New York, 1920, 36. 
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OUTBREAK PNEUMONIA DAIRY COWS ATTRIB- 
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Bollinger! 1878 described under the name Wild- und Rinderseuche acute 
disease deer, wild boars, and cattle. was able recognize two types, 
exanthematous and pectoral. Kitt? isolated bacterium (B. bovisepticus) 
from disease cattle similar that described Bollinger. Many outbreaks 
what termed hemorrhagic septicemia have been described various species 
bovines. That the disease existed cattle this country was recognized 
Theobald 1895. few years before described its occurrence 
and succeeded isolating the bacillus from cattle shipped from America France. 
Many have confirmed Bollinger’s observation that the malady attacks practically 
all species bovines. Wilson and during 1900 studied Minnesota 
eleven outbreaks disease cattle caused The disease was 
short duration, death ensuing within hours after the onset. autopsy, 
ecchymoses and larger hemorrhages were found the subcutis, muscles, and 
internal organs: Pneumonia was not observed. Woolley® the Philippines 
reports the pulmonary form caribou. Mohler and Eichhorn’ attribute losses 
among the buffaloes the Yellowstone National Park infection with bovi- 
septicus. Magnusson® describes very severe type hemorrhagic septicemia 
the reindeer Lapland. 


O., Ueber eine neue Wild- und Rinderseuche welche Sommer 
1878 der Umgebung von Miinchen beobachtet wurde, Munich, 1878. 
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cattle due Bacillus report the State Board Health Min- 
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this country the disease commonly occurs beef cattle which 
have been shipped various parts the country for fattening. The 
outbreak with which are concerned occurred dairy herd. 
Throughout the literature are unable find detailed descriptions 
outbreaks pneumonia cattle where was possible obtain 
definite history the herd which the disease occurred. this 
instance has been possible follow cases from early the course 
the disease autopsy recovery. addition, several oppor- 
tunities have been afforded for observations sporadic cases 
which occurred after the main outbreak had subsided. feel that 
the data accumulated warrant publication. 


Conditions before the Outbreak. 


The herd which the disease occurred has been under observation 
members the staff this Department since this 
time considerable number cows and calves have been 
made. Theobald Smith® noted that during 1917 cases pneumonia 
occurred among the calves. One case was regarded primary 
infection with Bacillus bovisepticus. During 1919 and 1920 studied 
twelve cases calf pneumonia. nine instances Bacillus actinoides 
was found. stated that Bacillus bovisepticus was associated with 
three four these nine cases. will shown later communi- 
cation that the type Bacillus bovisepticus which was encountered 
during the epidemic described differs many respects from the 
types which were associated with the pneumonia the calves. The 
inference then that the bipolar organism associated with the epi- 
demic was not present the herd but was introduced through 
the purchase new cows. 

With this herd the policy has been purchase cows circumstances 
dictate. Usually number animals are procured from various 
farmers. They are assembled and shipped express. custom- 
ary segregate newly imported animals separate barns. Such 
cows are milked and fed after the regular herd. following impor- 
tations were made during the later months 1920: August 18, 
cows from Pennsylvania; October cows from 
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October 20, cows from Michigan. Both lots from Pennsylvania 
came express and were unloaded only the final destination. All 
animals received from Michigan came freight stock and box cars 
was not possible obtain express cars that time. This lot 
Michigan cows was loaded October 16. The following day they were 
unloaded Mansfield, Ohio, and there fed and watered. The same 
procedure was gone through Pittsburgh, Pennsylvania, October 
18. From Pittsburgh they were forwarded directly and reached their 
destination October 20. These animals, the Pennsylvania 
cows, and few others purchased from local farmers, together with 
few native cows, were housed the same barn. 


The 


One the Michigan cows was sick when received. Symptoms 
were not noted during its illness. The animal remained 
unthrifty and finally became valueless for dairying purposes. was 
slaughtered April, 1921. The right cephalic lobe was shrunken 
and gray-red color. cut with difficulty. The interlobular 
connective tissue was increased. The lobules were compressed. The 
bronchi were greatly dilated and filled with pus. 

October 31, 1920, another the Michigan cows was reported 
sick. became worse, symptoms respiratory disturbance devel- 
oped, and the animal died during the night November 
Unfortunately, autopsy was made. The man who disposed the 
carcass reported reddening the lungs and their adherence the 
chest wall. The next cow (No.531) sickened November During 
the next weeks about twenty cases developed. was possible 
transport the first nine cases isolation unit the Institute where 
facilities for careful study were hand. Later two calves were also 
obtained from the same farm. The nine cows were the first which 
the disease was recognized and are given Table the order 
their occurrence. One the infections the calves added for 
completeness. Several other cases occurred the herd but were 
not studied. 

the temperature charts will noted that certain animals were 
injected with vaccine and commerical hemorrhagic septicemia anti- 
serum. The animals were not under the control the Institute. 
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The injections were made the owner’s representative. Our 
limited observation concerning their value does not warrant any 
discussion. 

The table indicates that the first cow come down with pneumonia 
was one those obtained from Michigan. The second case also 
occurred among this lot. The disease next attacked the Pennsylvania 
cows and further spread the native stock. The mortality was 
highest the Pennsylvania cows. The native stock suffered severely. 

The records several typical cases follow. The temperature 
charts are appended (Text-figs. 5). 


NOV. 
AM PMjJAM. PM.JAM. PM.[AM. PM.|AM 


Blood 


Temperature chart Cow 530. 


Cow grade Holstein cow purchased Pennsylvania Oct. 18, 1920. 
Nov. she gave birth calf. Nov.7. was reported sick. 
The temperature was 41.5°C. The next day the highest temperature recorded 
was 41.4°C. The respiration rate was accelerated. The milk flow was 
diminished, the appetite poor. The cow was constipated. 

Nov. the cow was transferred from neighboring farm isolation 
unit the Institute. Weakness was apparent, the gait was unsteady. The 
respirations were labored, dyspnea was pronounced. expiration the dyspnea 
was marked and accompanied distinct grunting sound. times the animal 
breathed through the mouth. There was thin white mucous discharge from 
both nostrils. 

Nov. 10. Weakness was more apparent. The cow was restless. The head 

was extended, the nostrils dilated, and the mouth held open. Sudden movements 
the limbs caused discomfort. The animal refused food and water. Milk 
secretion was suppressed. There were constipation and atony the rumen. 
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The tail and buttocks were soiled with blood-stained, fetid feces. The skin was 
dry and hot. The conjunctiva was congested. Moderate pressure applied 
the pharynx produced considerable discomfort. The cough was short, frequent, 
and painful. Temperature 41.6°C. The pulse was rapid and irregular (98 per 
minute). The respiration rate was 40. Respirations were short and superficial. 
Percussion the thorax caused pain, there was dullness beneath most the area 
percussion. auscultation the vesicular murmur was exaggerated and coarse 
and there was bronchial breathing. 

The results the urine examination were follows: color, clear amber; 
specific gravity, 1.022; reaction, alkaline; albumin, present (Esbach 0.25 per 
cent); sugar, absent; bile, present; blood, absent. 

Under antiseptic precautions, cc. blood were drawn from the left jugular 
vein into flask containing cc. sterile bouillon. The mixture remained sterile 
after days incubation. 

Nov. 11, the cow was killed and autopsied once. The following autopsy 
notes were made. 

The carcass that well nourished adult Holstein cow. 

large amount fat about the pericardium. The pericardium 
appeared normal. the fat overlying the right auricle there are three irregular 
patches gelatinous hemorrhagic exudate. The heart muscle appears normal. 

process that extensive pneumonia involving all lobes. 
The pneumonia more pronounced the ventral aspect. The external anterior 
third the first half the cephalic lobe the right lung (ventral aspect) 
reddish gray color, firm, and liver-like. The pneumonic process the dorsal 
surface confined dark red band, cm. wide, extending from the anterior 
the posterior border. The second half the cephalic lobe not appreciably 
involved. The ventral lobe solidified. The pleura over the external two-thirds 
covered with yellow, felt-like fibrinous exudate, mm. thickness (Fig. 1). 
may peeled off with gentle traction, leaving the thickened pleura with ad- 
hering tufts exudate. The underlying lung mottled dark red reddish gray. 
The lobules stand out clearly due thickening the interlobular septum and 
the filling the lymph vessels with serous exudate (Fig. 2.) many instances 
coagulation the exudate has occurred. This material may “shelled out” 
from some the larger lymph spaces. The lobules are solid. Their color varies 
from deep red reddish gray. Tiny grayish white patches are observed scattered 
throughout many them. bronchi are often occluded with plug 
coagulated exudate. From the cut surfaces yellow, turbid, serous fluid exudes. 

the ventral surface the right caudal lobe the anterior half involved. 
The involved portion varies from reddish gray gray color. solid and 
presents the same gross characters those described under the right ventral lobe. 
The portion complete hepatization succeeded band which the con- 
solidation irregular. section, some the lobules are deep red and solid, 
others are pink and contain air. From the cut surfaces clear serous fluid flows. 
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the dorsal surface this lobe the process similar but confined the 
anterior fourth. The azygos lobe consolidated. Itis mottled reddish gray. 
The pleura covered with yellowish white, fibrinous exudate. 

the left lung the process confined about the same areas. There 
reddish gray consolidation the dependent portion the cephalic lobe which 
not large the dorsal aspect. complete solidification the lower aspect 
the ventral lobe observed. small portion the dorsal surface still shows 
air-containing tissue. About half the caudal lobe (ventral aspect) involved, 
but barely one-third the dorsal surface affected. 

The pleural cavity contains considerable amount clear serous fluid which 
coagulates standing. parietal pleura, especially that contact with the 
ventral and azygos lobes, covered with thick, felt-like exudate which certain 
places has adhered the lung pleura. 

There patch-like congestion the mucosa the trachea. The mucosa 
the bronchi congested. Adhering here and there the mucous membrane 
are masses viscid mucus-like material. 

The bronchial and mediastinal lymph glands are edematous. They are not 
enlarged discolored. 

organ not enlarged. The color light brownish red. gall 
bladder distended with blackish green, gelatinous bile. 

Spleen.—Not enlarged, measures 3.8 11.5 cm. vessels the capsule 
and there are round, slightly raised hemorrhages mm. 
diameter. section the capsule not thickened. The pulp normal color. 
The Malpighian corpuscles are not enlarged. 

are well surrounded fat. Their color reddish gray. 
hemorrhages are visible the surface. The capsule not thickened and peels off 
readily. section the vessels the cortex are injected. When scraped the 
epithelium dry and appears granular. The medulla dark red and glistening. 
clearly demarcated from the cortex. 

Gastrointestinal Tract—Appears normal. 

Pieces the various organs were fixed Zenker’s fluid for microscopic study. 
The following changes were observed the stained sections. The pleura 
covered dense mass fibrin. The pleural lymph spaces are filled with fibrin. 
Both red cells and leucocytes are enmeshed the exudate. There increase 
the endothelial elements. The exudate becomes more cellular the lung 
neared, that immediately adjacent the lung densely packed masses leuco- 
cytes are found. 

Two distinct stages pneumonia.can frequently seen the same section 
(Fig. The alveoli one lobule may filled with fibrin and the alveolar 
capillaries packed with masses red cells few cells have invaded 
the air spaces such portions. other lobules the lesion that extensive 
hemorrhage, the air spaces are filled with red cells. The blood vessels are 
engorged and not infrequently plugged with fibrin. The bronchioles 
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contain fibrin and red cells. Such lobules are separated from older type lesion 
the thickened interlobular septum (Fig. 4). The septum where leaves the 
pleura edematous and times shows proliferation connective tissue elements. 
The interlobular tissue edematous and swollen with fibrinous exudate. The 
lymph channels and blood vessels are dilated and plugged with fibrin. the 
pneumonia longer standing (Fig. 7), the interlobular congestion more mod- 
erate. The air spaces are filled with degenerated leucocytes and desquamated 
alveolar cells. Considerable numbers tiny rod-shaped organisms are found 
the exudate within the alveoli (Fig. 8). epithelium the bronchi reveals 
degenerative changes. The lumen usually filled with leucocytes and bacteria. 

Sections from number regions Various stages pneumonia 
were observed. the largely that hyperemia. Other 
lobules show extensive hemorrhages. others the alveolar exudate largely 
fibrinous fibrinopurulent purulent. 

Sections the liver show extensive fatty changes the liver cells. The nuclei 
are large and vacuolated, places they are granular. 

The capsular vessels the spleen are injected and the pulp congested. 

The vessels the kidneys arecongested. are slight degenerative changes 
the epithelium the cortex. 

Microscopic examination one the mediastinal lymph glands reveals 
congestion the vessels the cortex with occasional area fibrinous exudate 
about the vessels. The medullary portion edematous. Some the vessels 
contain fibrin, others are filled with polymorphonuclear leucocytes. Polymor- 
phonuclears have invaded the lymph sinuses. 

Inoculations from all involved portions the lung and pleural fluid were made 
various media. Both the platinum loop and pieces tissue were employed. 
platinum loop when brushed over freshly cut surface and streaked over several 
agar slants succession usually gave well isolated colonies the third fourth 
tube after hours incubation. Pure cultures bovisepticus developed all 
tubes. The tubes inoculated with the pleural fluid contained the organism 
pure culture. 

Pieces spleen and kidney introduced into tubes media remained sterile 
after prolonged incubation. Mention has been made that blood culture taken 
hours before autopsy remained sterile. 

films from the lung stained with methylene blue dilute carbolfuchsin, 
bovisepticus could demonstrated large numbers. Very few the 
organisms revealed the characteristic bipolar staining. the sections large 
numbers bacteria are present the alveolar (Fig. and bronchial exudate. 

Cow 537.—Grade Holstein purchased Pennsylvania Oct. 1920. Normal 
parturition occurred Oct. 30, 1920. 

Nov. 13, the cow was reported sick. The temperature a.m. was 
and p.m. 41.8°C. The respiration rate was per minute. The respirations 
were abdominal character. They were superficial and rapid. The animal was 
constipated. 
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Nov. 14, the cow was removed the Institute for observation. The res- 
pirations were rapid and superficial. There was edema the throat and dewlap. 
The appetite was poor. The temperature p.m. was 41.3°C. 

The following day severe chill was noted. The animal was weak. stood 
most the time. The edema the throat and dewlap was more extensive. 
the lower eyelids and the inner canthus there was gummy discharge. slight 
amount white mucus was discharged from the nostrils. The cow coughed 
frequently. The cough was dry, short, and strong. The temperature a.m. 
was 41°C. The pulse was 60, full and rapid. The jugular veins were distended. 
There was slight dyspnea which was little more pronounced expiration. 
Dullness could detected both lungs over most the accessible area per- 
cussion. auscultation the vesicular murmur was coarse and greatly exag- 
gerated. There was bronchial breathing appetite was poor. The feces 
were firm and dry, only small amounts were voided during defecation. The milk 
secretion was greatly diminished. 


chill was again noted Nov. 16. ‘There was marked depression. The 
temperature p.m. was 41.8°C. The respirations numbered 48. They were 
short and superficial. The pulse rate was 78. superficial blood vessels were 
distended. Percussion and auscultation failed detect more markedchanges 
the lungs than those observed previously. The appetite was poor. There 
was complete cessation milk secretion. Constipation still persisted. There 
was atony the rumen. 

Nov. 17, the cow was much weaker. was pain. Two severe chills 
were noted during the day. 41.2°C. The pulse 
rate was 100. was rapid and irregular. The respirations were 40. They 
were superficial. Abdominal breathing was noted. The dyspnea was more 
exaggerated and expiration there was grunting. The cow refused all feed and 
water. The feces were soft and fetid. The urine obtained this day was deep 
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yellow color and turbid. The specific gravity was 1.026; reaction, alkaline; 
albumin, present (Esbach 0.1 per cent); bile, present; blood and sugar, absent. 

This cow died Nov. between and a.m. The following postmortem 
findings were noted. 

size. The pericardium covered with thick, yellowish, 
felt-like, fibrinous exudate. There considerable blood-stained turbid pericardial 
fluid. Scattered over the heart are many irregular hemorrhages. They are 
especially numerous over the auricles. section, the cardiac muscle appears 
dry. 

Right ventral aspect the cephalic, ventral, azygos, and anterior 
third the caudal lobes varies color from bright red reddish gray. The 
consistency firm. The consolidation the dorsal aspect not quite 
extensive. small portion the ventral lobe (dorsal surface) still air-contain- 
ing. The area complete solidification the caudal lobe occupies the cephalic 
third the ventral aspect. succeeded mottled portion containing both 
hepatized and air-containing lung. There are patches hepatization extending 
well down the caudal border. section, the thickened. The inter- 
lobular tissue mm. thickness, due the presence coagulated exudate 
which fills the lymph channels (Fig. lobules are distinct. Their color 
varies from dark red reddish gray. Scattered throughout the dark red lobules 
are tiny, irregular, gray areas. These foci other lobules have become confluent 
and give the reddish gray appearance. Thecut surfaces the red portions 
are moist and exude serous fluid. The gray areas are dry and granular. 

Left anterior half the cephalic lobe dark red and firm. 
clearly demarcated from the surrounding emphysematous portion, where the 
interlobular tissue distended with air. The interlobular emphysema extends 
narrow band backward through the ventral lobe and widens out the caudal 
lobe. The ventral lobe consolidated except for the narrow strip along the 
median line (dorsal aspect). anterior third the caudal lobe reddish gray 
and firm. This portion sharply defined from the surrounding deep red consoli- 
dation. The pink air-containing lung clearly demarcated from the solid area. 

Trachea.—The mucosa reddened patches. The submucous capillaries are 
injected. There moderate amount blood-stained, viscid exudate mixed 
with air. The larger bronchi reveal much the same condition. The principal 
bronchus the left caudal lobe completely occluded with clotted blood. 

The bronchial and mediastinal lymph glands are enlarged and congested. 
section, the cortex reddish gray, the medulla grayish white and mottled with 
irregular hemorrhages. The pleural cavity contains between 2,200 and 2,300 cc. 
aslightly blood-stained serous fluid. Suspended the fluid particles 
fibrin. The endothelium lining the ventral floor the cavity sprinkled with 
irregular hemorrhages and here and there coagulated tufts exudate. 

yellow color. The gall bladder contains gelatinous, dark 
green bile. 
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spleen not enlarged. few small hemorrhages are present 
the capsule. The pulp apparently normal. 

are deep reddish gray color. The capsule easily stripped 
off. Scattered over the surface are tiny round areas reddening, surrounded 
narrow gray zone. section, the cortex congested and appears granular. 
The line demarcation between the cortex and medulla indistinct. The 
medulla highly congested. 

Gastrointestinal only lesion exists the small intestine. The 
serous surface reddened, apparently due congestion the small capillaries 
the subserosa. 

Fixed and stained sections from the lungs show much the same type pneu- 
monia the preceding case. The pleura and interlobular tissue contain 
dense masses fibrin (Fig. 5). Certain reveal the fibrinous pneumonia, 
others the process fibrinopurulent, purulent. Enormous numbers 
bovisepticus can seen within the alveolar and bronchial exudate. 

Much the same lesions the liver are observed this case Cow 530. The 
kidneys, however, show more marked changes. There degeneration the cells 
the glomeruli and those the tubular epithelium. Desquamation the latter 
not infrequent. Severe congestion the larger vessels frequent. 

Films made from consolidated portions the lung when stained reveal enormous 
numbers short rods. few stain only the poles. About many the organ- 
isms are clear areas which suggest capsules. 

Inoculations into various media from portions the lungs and the 
fluid all developed bovisepticus. Other organisms could not demonstrated. 


have previously stated that for time the disease existed only 
adult cows. had, however, existed among the calves certain 
types pneumonia. Theobald Smith has shown that Bacillus 
actinoides, organism which can grown only under special con- 
ditions, really responsible for certain pneumonias calves. 
Bacillus bovisepticus had been isolated him from some these cases. 
That such strains Bacillus bovisepticus are from the bac- 
terium associated with this epidemic will shown later 
communication. 

December 1920, calf (No. 550) was reported sick. was 
killed December 17. Both Bacillus actinoides and type 
Bacillus bovisepticus similar that found the cows were isolated 
from the lungs. The colonies Bacillus actinoides greatly predomi- 
nated all tubes. Nearly month later what may regarded 
primary infection with Bacillus bovisepticus occurred Calf 562. The 
clinical and pathological records follow. 
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Calf calf, born Oct. 1920. 

Jan. 19, 1921, the animal had The respirations were rapid. There 
was discharge from both nostrils. The temperature The 
temperature was 41.2°C., the respiration rate 100. The appetite was good. 
There was slight constipation. auscultation the vesicular murmur was greatly 
increased. were not heard. Jan. 21, the temperature and respirations 
were the same. The calf coughed frequently. Jan. 23, the temperature and 
respirations were about the same. Diarrhea had set in. 

Jan. 25. Pulse 80, respiration 60, temperature 41.5°C. There was marked 
weakness. The respirations were shallow and accompanied expiration with 
distinct “grunt.” auscultation there was absence vesicular murmur 
the cephaliclobes. There was loud bronchial murmur especially over the caudal 
lobes (both lungs). Pressure over the lungs produced pain. The animal died 


1921 


between 5.30 and 7.30 p.m. was removed the refrigerator over night and 
autopsied Jan. 26. The following autopsy notes were made. 

removing the skin from the neck, the subcutis and fascia overlying the 
muscles are edematous. The small veins are dilated and many have ruptured, 
producing hemorrhages. 

hemorrhages under the epicardium. The left auricle 
distended with large dark red clot. The ventricles also contain clots. There 
moderate hemorrhagic infiltration into the auriculoventricular valves. 

nearly complete consolidation the anterior lobes (cephalic 
and ventral) both lungs. The azygos lobe completely hepatized. The more 
dependent portions are reddish gray color, the dorsal aspect isa darkerred. The 
interlobular markings are distinct but are not appreciably thickened. section 
these lobes are liver-like. The lighter colored portions reveal throughout the 
lobules tiny indistinct gray areas. These gray patches are larger about the bronchi. 
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the dark red portions the gray areas are very tiny absent. Blood oozes from 
the cut surface. Some the smaller bronchi are occluded with purulent exudate. 
There extensive hepatization both caudal lobes. The pneumonia occupies 
the anterior four-fifths the right caudal and the anterior two-thirds theleft 
caudal lobe. less extensive the dorsal aspect. The anterior portion 
varies from grayish red dark This succeeded mottled areas 
dark red consolidation and pink air-containing lung. 

The pleura not thickened and the pleural cavity does not contain excess 
fluid. 

Trachea and Large Bronchi.—Scattered over the serosa the trachea are round 
hemorrhages varying from very tiny points extravasations mm. diam- 
eter. The mucosa deep red. There are patches mucopurulent exudate 
containing blood clotsadhering the mucosa. The same condition exists the 
larger bronchi. Many the smaller air tubes contain plugs exudate and clotted 
blood. 

The mediastinal and bronchial lymph glands are edematous. Tiny irregular 
hemorrhages are present throughout their substance. 

The liver shows evidence cloudy swelling. The spleen normal size. 
The kidneys are enlarged and deep red color. section, blood oozes 
the cut surfaces. Thecortexis gray with striations. Between the cortex 
and medulla deep red zone. The medulla congested. 

Gastrointestinal abomasum contains few curds. 
deeply reddened. small intestine contains much turbid fluid. The mucosa 
deeply congested. The congestion the form points, lines, and patches 
varying size. The mucosa the cecum and rectum uniformly congested. 
Examination sample straw-colored, turbid urine obtained from the blad- 
der autopsy revealed the following: specific gravity, 1.012; reaction, acid; 
albumin, present (Esbach 0.1 per cent); sugar, absent. 

Examination stained films from the involved lung shows 
bipolar bacilli moderate numbers all preparations. Pure cultures 
bovisepticus developed from all tubes inoculated with bits tissue loopfuls 
material obtained from cut surfaces. 

Microscopic examination fixed and stained sections reveals general 
pneumonia which the air spaces are largely filled with polymorphonuclear 
leucocytes and desquamated alveolar cells. The interalveolar capillaries are 
congested. .The bronchi are filled with leucocytes. some the epithelium 
intact. others degenerated and often desquamated. The pleura not 
thickened. There moderate edema the interlobular septum. Scattered 
throughout some the lobules are circular deep-blue-staining areas. They are 
composed large numbers intensely stained, degenerated leucocytes. Here 
the bacteria are present large numbers. 

sections the more recent pneumonia the caudal lobes the process re- 
sembles more nearly that described for Cows 530 and 537. Here the pleura 
thickened with masses fibrin. ‘The interlobular septa are also thickened, due 
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the dilatation and plugging the blood and lymph spaces with fibrin. The 
peribronchial tissue edematous. The surrounding blood vessels are dilated and 
plugged with fibrin. The interalveolar capillaries are highly congested. Hemor- 
rhages into the air spaces have occurred. certain lobules the extravasions 
blood have obliterated the whole lobular structure. 

The lesions the kidney are much more severe this case. The glomerular 
epithelium shows degenerative changes. Throughout the section congestion 
severe. The tubular epithelium degenerated. remains the cells appear 
pink-staining, finely granular material often without definite nuclear structure. 

Cow cow was also killed after having been observation for 
days. Symptoms similar those described under Cows 530 and 537 were noted. 
Autopsy revealed the same type diffuse pneumonia. blood culture taken 
late the course the disease remained sterile. bovisepticus was isolated 
pure culture from various portions the involved lung. 

Cow cow presented symptoms acute pneumonia similar 
those described. The temperature chart, however, shows that the temperature 
remained above the normal for considerable period. finally reached normal 
and stayed until the animal was slaughtered. The lungs were severely affected. 
The anterior lobes both lungs were shrunken. They varied from gray 
reddish gray color. Scattered throughout these lobes were grayish white 
abscesses. section the involved lobes cut with difficulty. The interlobular 
connective tissue was increased. The lobules were compressed and made 
filled with pus. The little remaining alveolar tissue was gray 
color and dry consistency. many instances the lobules were entirely 
composed thick walled connective tissue abscesses. Such abscesses often 
replaced number lobules. The anterior lobes adhered each other and 
the chest wall. nail was found embedded dense mass connective tissue 
the anterior ventral tip the left ventral lobe. The azygos lobe appeared 
normal. The trachea and large bronchi contained pus. 

Many cultures were made from various portions the lung. pyogenes 
was present every tube. unidentified micrococcus and anaerobes also 
developed certain tubes. bovisepticus was not recovered from this case. 

Cow temperature record this cow appended. This animal 
suffered from what appeared severe infection. Characteristic symptoms 
pneumonia were observed. Albumin and bile were found the urine. 
blood culture taken days after the first symptoms were noted remained sterile. 
The prognosis was grave but the temperature began fall the end the 
8th day. the 9th day fell from 41° 39.3°C. From this day recovery was 
rapid. 


DISCUSSION. 


The outbreak noteworthy several respects. The origin the 
infection appears first glance more less obscure. However, 
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evidence points toward the introduction the disease with the 
Michigan cows. These animals were the last animals introduced into 
the herd. They had been fed and watered two shipping points 
where the disease may have been contracted. One cow was sick 
arrival, but pneumonia was not detected during life. This cow was 
killed months later and examination the lungs revealed complete 
fibrosis with purulent bronchiectasis the right cephalic lobe. 
Probably this cow gave rise the epidemic. Another cow this lot 
died days after arrival. The clinical symptoms suggested pneu- 
monia. autopsy was made, but the man who cut the carcass 
noted reddening the lungs and their adherence the chest wall. 
The brief history which were able obtain this instance indi- 
cated illness days duration. From these animals the disease 
probably spread the Pennsylvania and native cows. The greatest 
mortality occurred those from Pennsylvania. 

outbreak with similar history recorded Woolley and 
shipment caribou was received Manila, I., from 
Shanghai May 28, 1903. The animals were kept aboard ship until 
June when they were sent estate. June two animals were 
sick. One died and the other was killed. The average time required 
ship cattle from Manila Shanghai days. The first cases 
occurred about days after embarkation. 

There evidence that more cases occurred than the records indicate, 
especially when Cow 536 considered. Since this outbreak subsided, 
two animals which were slaughtered revealed multiple abscesses 
the lungs and purulent bronchitis. far could learned, 
neither these had shown recognizable symptoms. possible 
that number cows suffered from very mild infection which 
passed unnoticed. During March and April, 1921, few sporadic 
cases have occurred from which has been possible cultivate, 
one instance, organism identical with those met with Cows 530, 
533, and 537. These sporadic infections may continue appear for 
some time. 

The appearance the disease the calves difficult explain. 
They are kept considerable distance from the cows and have 


and Jobling, W., Dept. Interior, Bureau Gov. Lab., 
Philippine Islands, 1904. 
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separate attendants. Inquiry brought out the fact that calves 
born the Michigan cows had been placed the calf barns. 
have record the epidemic type bovisepticus pneumonia among 
the calves until December days after the purchase the cattle 
from Michigan. Some the Michigan calves, however, may have 
suffered from very mild disease which may have been overlooked. 
possible that one may have been virus carrier. interest 
note that the first calf (No. 550) from which the epidemic organism 
was isolated suffered from primary infection with Bacillus acti- 
noides. ‘The other calf developed pure bovisepticus infection. Both 
were native stock. More recently another calf died after short 
illness. Bacillus bovisepticus was obtained from the internal organs. 

Another striking feature the low virulence the isolated bacteria, 
although the organism was capable under certain conditions causing 
serious disturbances once gained foothold within the lung. The 
many apparent recoveries and the mild type disease manifested 
certain animals are also indicative low virulence. This fact 
further borne out inoculation experiments with rabbits and calves. 
one experiment calf was injected subcutaneously with 2.5 cc. 
pleural exudate from Cow 537. Cultures made from this exudate 
revealed over 25,000 colonies per cc. The calf suffered apparent 
ill effects. Another calf (No. 293B) was injected intratracheally with 
cc. hour bouillon culture the organism isolated from,Cow 
530. The calf remained well. Similar negative results from intra- 
tracheal injections cultures have been reported others. Mag- 
nusson injected sheep intratracheally with reindeer pasteurella 
without result. states that infectious material obtained 
from cases buffalo disease injected into the pectoral cavity lungs 
calves produced disease. the other hand, when the material 
was introduced into the nasal passages trachea the calves remained 
well. 

The resemblance the lung lesions certain outbreaks bovine 
septicemia those contagious pleuropneumonia 
has been commented many. rule out contagious pleuro- 
pneumonia the start, calf was injected subcutaneously with 


W., Friedberger, E., and Pfeiffer, R., Lehrbuch der Mikro- 
biologie, Jena, 1919, ii, 879. 
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filtrate prepared grinding gm. lungs with sterile sand. The 
ground material was suspended 100 cc. 0.85 per cent salt solution 
and shaken vigorously. The suspension was centrifuged moderate 
speed. The supernatant liquid was passed through Berkefeld 
bougie. This calf was under observation for days, during which 
time local reaction did not develop. The calf’s temperature re- 
mained well within the normal limits. Mention has been made 
experiment which calf was injected with pleural exudate. 
Only negative results were obtained. 

Another striking feature the localization the virus within the 
lungs and chest cavity. Blood cultures taken from seven cases during 
the height the disease remained sterile. Bacillus bovisepticus 
failed develop tubes inoculated with bits spleen and kidney 
from the cow that died and those that were killed. 


SUMMARY. 


outbreak pneumonia dairy cows attributed Bacillus 
bovisepticus described. About twenty cows and two calves were 
affected. The first cases were noted cows purchased Michigan. 
The disease next appeared another lot cows from Pennsylvania 
and subsequently attacked native stock. the ten cases which came 
under our observation, five apparently recovered, two died, and two 
severely affected cows were killed. The other case developed multiple 
abscesses the lung and was finally killed. 

The more characteristic symptoms observed were high temperature, 
rapid respiration, dyspnea, cough, dullness percussion, bronchial 
breathing, and albuminuria. 

The pneumonia was diffuse but first affected the cephalic and more 
dependent lobes. The process varied from hyperemia and hemorrhage 
exudation fibrin and leucocytes within the air spaces. The 
plugging the interlobular lymph channels and blood vessels with 
fibrin was frequent. 

Bacillus bovisepticus was isolated pure cultures from all involved 
portions lung autopsy. was not found blood cultures 
during the height the disease, nor could obtained from the 
spleen and kidney after death. 
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EXPLANATION PLATES. 


44. 


Fic. Cow 530. Showing the thickening the pleura and inter- 
lobular septum. The lobules are consolidated. the center the lobules are 
gray, the periphery the color deep red. 

Fic. Lung Cow 530. Interlobular septa are thickened with fibrin. The 
consolidation all lobules complete. few are red color, the others gray. 

Fic. Lung Cow 537. Moderate pleuritis with large plugs fibrin 
the interlobular lymph spaces. Hepatization varies from red gray. 


45. 


Fic. Cow 530. The interlobular septum, greatly increased 
fibrinous exudate, separates two lobules. The alveoli the upper lobule are 
filled with fibrin. Below the septum the air spaces also contain fibrin the 
border the lobule, but toward the center they have been invaded 
leucocytes. 17. 

Fic. Lung Cow 537. Lesions about the same those Fig. Note 
fibrinous plugs the vessels and lymph spaces septum. Above, 
the pneumonia largely fibrinous; below, cellular. 17. 


PLATE 46, 


Fic. Lung Cow 530. Reveals the right the fibrinous exudate within 
The interalveolar capillaries are filled with red cells and the alveoli 
contain fibrin. few leucocytes are observed within some the air spaces. 

Fic. Lung Cow 530. portion lobule adjacent the one the 
preceding photograph. The fibrinous exudate within the interlobular septum 
appears above. Below, the alveoli are packed with leucocytes. Some contain 
both leucocytes and fibrin. The interalveolar congestion not marked. 110. 

Fic. Lung Cow 530. bovisepticus considerable numbers shown 
the space between the alveolar wall and the cellular exudate. dense mass 
the organism visible within the exudate. 1,000. 
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(From the Animal Pathology The Rockefeller Institute for Medical 
Research, Princeton, J.) 


(Received for publication, June 11, 1921.) 


Although the hemorrhagic septicemia organisms are well recog- 
nized and known attack many species animals, the relation 
one type another not clearly understood. The organisms 
associated with bubonic plague, swinge-plague, and fowl-cholera have 
been studied more extensively than those the bovine species: 
attention was aroused certain differences cultural characters and 
agglutination affinities between the organisms isolated from out- 
break pneumonia cows! and those previously obtained Theo- 
bald Smith? from cases pneumonia calves. 

The literature the cultural and immunological characters 
Bacillus bovisepticus meager. Much the work was done before 
the various substances used fermentation tests came into use. 
There are, however, few descriptions the fermentative characters 
this organism. Early immunological studies consisted attempts 
protect laboratory animals with immune sera against small doses 
virulent culture. 


Theobald described organisms isolated from cases bovine pneumonia 
short, non-motile, encapsulated rods which failed grow potato. They 
did not change the reaction milk. Acid production dextrose and saccharose 
was constant, but fermentation failed occur lactose. Phenol was produced 
old peptone broth cultures. The formation indole was variable. His cul- 
tures were pathogenic for doses 0.1 0.2 cc. bouillon cultures. 
states that small doses proved fatal for rabbits from hours 
days. Smith recognized the great similarity existing between members the 
hemorrhagic septicemia group. Others have also commented this point. 


and Little, B., Exp. Med., 1921, xxxiv, 541. 

2Smith, T., Exp. Med., 1921, xxxiii, 441. 

Dept. Agric., Bureau Animal Industry, 12th and 13th Ann. 
Rep., 1895-96, 119. 
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Ostertag* studied two strains bovisepticus and reached the conclusion that 
this organism was identical with the swine-plague and chicken-cholera organism. 
Mention not made specific characters any the species employed. 

Schirop® studied three strains isolated from pneumonia calves. These 
terms vitulisepticus, although 1886 applied the name vitulicidum. The 
calf strains were compared with cultures avisepticus and suisepticus. 
The bacteria were grown bouillon containing twelve test substances; seven were 
carbohydrates, the others were alcohols. The action dextrose, saccharose, 
maltose, and mannitol seemed offer the most definite contrast. Lactose was 
not used. Two the calf strains, the swine-plague, and chicken-cholera bacilli 
possessed similar fermentation characters. They attacked dextrose, saccharose, 
and mannitol, but did not ferment maltose. The other calf organism fermented 
only dextrose. All organisms formed indole. The calf organisms were con- 
siderable virulence since doses 0.000001 cc. bouillon cultures killed rabbits 
hours. 

Magnusson’ observed outbreak hemorrhagic septicemia among the 
reindeer Lapland. compared the organism isolated with strain 
bovisepticus and culture avisepticus, and correlated them with Schirop’s 
vitulisepticus. Their fermentative characters were tested fifteen carbo- 
hydrate media and six containing alcohols. was unable show cultural 
differences the three organisms studied. All produced acid lactose, saccha- 
rose, and mannitol. Maltose was not fermented. The organism isolated from 
the reindeer did not produce indole cause hemolysis. possessed considerable 
pathogenicity for mice, rabbits, and guinea pigs, sheep. calf and cow 
injected with cultures reacted with high temperatures for days but recovered. 

Magnusson immunized sheep with living cultures the reindeer organism. 
all, five injections were given during period days. Agglutinins could 
not Thisserum afforded but slight protection for rabbits 
and mice against small doses the homologous culture and cultures avi- 
septicus and bovisepticus. 

Besemer’s® studies the fermentative characters ten strains pasteurella 
led him conclude that the members this group were practically uniform 
their biochemical actions. From his tables will noted that both strains 
bovisepticus, the two cultures the chicken-cholera bacillus, suisepticus, 
and three cultures Magnusson’s reindeer pasteurella attacked dextrose, saccha- 
rose, and mannitol, but did not acidulate media containing lactose maltose. 
Two Magnusson’s calf pasteurella differed from the others their ability 
ferment lactose. They also failed attack maltose. 


R., Infectionskrankh. Haustiere, 1908, iv, 

Schirop, H., Centr. Bakt., Abt., Orig., 1908, xlvii, 307. 

J., Fortschr. Med., 1886, iv, 388. 

H., Infectionskrankh. Haustiere, 1914, xv, 61. 
M., Bact., 1917, ii, 177. 
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will seen from the limited available literature that bovisepticus and its 
allied organisms, such those isolated from calves and reindeer, are regarded 
type which cannot clearly differentiated from each other from other mem- 
bers the hemorrhagic septicemia group. careful study the tables the 
various observers indicates that such not the case. The fermentation lactose 
certain Magnusson’s and Besemer’s strains indicative cultural 
differences. 

References regard the application the agglutination test aid 
classifying bovisepticus and the allied pasteurella have not been found. Mag- 
nusson failed detect agglutinins the blood sheep immunized with the 
reindeer organism. Schirop makes mention agglutinins the blood 
rabbits immunized with the calf organisms. the other hand, im- 
munized rabbit with avisepticus. The serum this rabbit agglutinated the 
homologous strain dilution 1:160. regarded such serum slight 
value testing doubtful strain. 


has been possible show that certain well defined cultural and 
serological groups exist among the strains what may termed the 
bovisepticus group. The source the cultures together with brief 
note the conditions from which they were obtained given 
Table Mention has been made that these organisms have fallen 
into distinct cultural and morphological groups. For convenience 
they have been arranged Table according their specific group- 
ing, which will brought out other tables. 

Table indicates that Strains 530, 533, and 537 were isolated from 
severe cases pneumonia cows during the small outbreak pre- 
viously described. The disease was confined first the cows, but 
later spread the calves. Cultures 550 and 562 were isolated from 
calves following the outbreak among the cows. The outbreak sub- 
sided but sporadic cases have occurred from time time both the 
dairy herd and young stock. Cultures 578 and 583 are from such 
sources. Strain 529 from calf the close another 
small outbreak farm Long Island. 

Strains 209, 432, 436, 558, and were isolated Theobald Smith 
from calves during his studies Bacillus actinoides. The calves 
belonged the herd which the outbreak acute pneumonia 


P., Bact., 1918, iii, 277. 
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occurred the adult cows. All strains except No. 558 were ob- 
tained before cases bovisepticus pneumonia began appear among 
the adult cows. the main, shown Theobald Smith, these 
organisms were associated with pneumonias calves attributed 
primary infection with Bacillus actinoides. the instance Calf 558 
but few colonies Bacillus bovisepticus were noted. Bacillus acti- 
noides was present great numbers. Culture 502 was isolated from 
calf’s lung obtained from abattoir New York City. The only 
available history for Culture Bovine Pneumonia given Table 
Strain was associated with Bacillus actinoides. 

Morphologically all the organisms resembled each other. None 
were motile; all were Gram-negative. 


Fermentation and Other Tests. 


soon became apparent that study the fermentative charac- 
ters would assist dividing the strains into cultural groups. ‘Tubes 
fermented bouillon containing per cent dextrose, lactose, 
saccharose, maltose, mannitol, and salicin were used test acid 
production. first fermentation tubes were employed, but since 
none the strains produced gas, ordinary tubes were substituted. 
Titrations and hydrogen ion concentrations were determined after 
days incubation 38°C. results these and other tests are 
given Table II. Inulin was also used test substance. None 
the organisms fermented it. 

will noted from Table that the organisms fall into three 
distinct groups. The largest group comprises all strains obtained 
from the adult cows the outbreak pneumonia (Nos. 530, 533, 
and 537) and other infections (Nos. 550, 562, 578, and 583) occurring 
the adults and calves following this outbreak. Culture 529, iso- 
lated from calf the close small outbreak another state, 
likewise falls into this group. Members Group attack dextrose, 
saccharose, maltose, and mannitol about the same degree. The 
final hydrogen ion concentration varies between 6.1 and 6.5. 
Lactose also attacked but less degree. After several transfers 
artificial media all members this group ferment lactose the 
same extent the other substances. This has been brought out 
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clearly Table III. Salicin not fermented. will noted 
that these strains not produce indole. Retests after several months 
artificial media have confirmed this point. They soluble 


guinea pig bile. agar plates containing per cent 
defibrinated horse blood the colonies resemble those the bovine 
streptococci. The surface colonies are round, flattened, and trans- 


TABLE II. 
Cultural Characters Sixteen Strains bovisepticus. 


per per per per per per 

cent cent cent cent cent cent 


lucent. They usually attain diameter mm. after hours. 
The deep colonies are ovoid, and after hours they are surrounded 
clear zone hemolysis which tends widen little during the 
next hours incubation. All Group strains are encapsulated. 
The next group comprises six members, Nos. 209, 432, 436, 
502, and 558. They ferment dextrose and saccharose. Lactose, 
maltose, mannitol, and salicin are not attacked. first some 
these strains produced only small amounts acid saccharose. 
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two instances was necessary add few drops sterile serum 
the medium insure maximum acidity. was able 
show that serum failed hydrolyze saccharose, that appeared 
safe use enrich this medium. the bulb the fermentation 
tube broth containing lactose, maltose, and mannitol becomes 
more alkaline. All members this group produce indole. They 
not hemolyze horse blood agar plate cultures. The surface colo- 
nies rarely reach 2.5 mm. diameter. They are round, flattened, 
and more opaque than those Group The deep colonies may 
surrounded hazy green discoloration. Members Group 
resemble those Group morphology. All are encapsulated. 
When few drops guinea pig bile are added small amounts 
hour bouillon cultures Group organisms the fluid com- 
mences clear once. most instances after minutes 
the mixture becomes limpid. One culture was more resistant but 
cleared within hour. 

Strains Bov. Pn. and differ from the preceding group their 
ability ferment mannitol addition dextrose and saccharose. 
media containing lactose, maltose, and salicin, acid not pro- 
duced. strains produce alkali the bulb the fermentation 
tube broth containing lactose, maltose, and salicin. Indole 
formed both. The colonies horse blood agar plate cultures 
resemble those Group II. Hemolysis was not observed. Both 
strains are insoluble guinea pig bile. Capsules could 
demonstrated Culture Bov. Pn. but not the case Culture 

have commented the pathogenicity Ba- 
cillus bovisepticus for rabbits, guinea pigs, and mice. Evidently 
considerable variation virulence exists among these organisms. 
Among the Group cultures all have been relatively low virulence 
for rabbits and mice. 0.25 cc. freshly isolated hour bouillon 
culture injected subcutaneously into rabbits produced only slight 
local reactions. Mice survived when injected beneath the skin with 
0.1 cc. bouillon culture. After few generations artificial 
media, mice are not killed with doses 0.5 cc. bouillon culture 
administered into the peritoneal cavity. calf when injected into 


C., Exp. Med., 1920, xxxii, 345. 
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the subcutis the neck with pleural exudate from cow dead the 
disease developed only slight local reaction. cc. bouillon 
culture introduced through the walls the trachea another calf 
failed produce ill effects. was pointed out previous com- 
munication that once these organisms gained foothold within the 
lung they were capable producing severe diffuse pneumonia. 
None the organisms Group were particular virulence. 
Doses 0.25 cc. hour bouillon culture injected subcutaneously 
into rabbits produce moderate local reaction which may ab- 
sorbed give rise local abscess. Mice are more susceptible 
injection with Group organisms than with those Group 


TABLE 
Fermentation Lactose the Organisms Group 


Lactose broth. Fermented broth. 
Strain No. 
Titration. Titration. 
per cent per cent 

530 2.9 6.2 0.9 7.8 
533 2.8 0.9 
2.8 6.3 0.9 7.6 
550 3.0 6.2 1.0 
562 3.0 0.9 
529 2.9 6.2 0.9 
578 2.6 6.4 7.6 


Culture Bov. Pn. although isolated during 1913, has retained 
considerable virulence. 0.25 cc. hour bouillon culture kills 
rabbits 2,000 3,000 gm. days. The organisms are 
present the circulating blood hours before death. 

will observed Table that organisms belonging Group 
attacked lactose less degree than they did the other substances. 
some instances was doubtful whether fermentation had really 
occurred. This was particularly true when the organisms were 
freshly isolated. decide this point definitely, fermented bouillon 
different lot than that employed the first observation was 
tubed cc. amounts and sterilized usual. one-half the 
tubes cc. sterile per cent aqueous solution lactose was 
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added. tube fermented bouillon and tube the same medium 
which the lactose had been added were inoculated with each 
strain. After days incubation, the tubes were titrated and the 
hydrogen ion concentration was determined. The results are given 
Table 

There seems doubt that the organisms attack lactose, 
since they not produce acid the fermented broth. Litmus 
milk cultures change from blue purple after hours. Further 
color changes were not noted after weeks incubation. 

number strains from Groups and were tested for their 
resistance drying. Growth from the lower portions the slants 
hour agar cultures were smeared sterile pieces cover-slips. 
The preparations, which dried rapidly the air, were stored 
sterile Petri dishes room temperature. regular intervals the 
cover-slips were dropped into sterile bouillon. One organism sur- 
vived hours under these conditions. None were alive after 
hours. 


Immunological Tests. 


Since was possible show that the organisms usually referred 
Bacillus bovisepticus really belonged three well recognized 
cultural groups, was decided test their serological relationship. 
With this view, rabbits were with single strain chosen 
from each group. Much the previous immunological work with 
members the pasteurella group has consisted attempts pro- 
duce protective antiserum. results immunological rela- 
tionships were judged the amount protection afforded against 
various doses living culture. Mention not made the formation 
agglutinins for Bacillus bovisepticus except Magnusson, who was 
unable demonstrate them the blood sheep immunized with 
the reindeer organism. 

That agglutination affords ready method grouping organisms 
well recognized. The following protocol Rabbit immunized 
with Group II, Strain 432, indicates the difficulty with which agglu- 
tinins are produced. This particularly true for Groups and II. 
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1.—Weight 3,530 gm. 
Jan. 13, 1921. 2.0 cc. bouillon culture No. 432 heated 60°C. for min., 


14, 


intraperitoneally. 

4.0 cc. bouillon culture No. 432 heated 60°C. for min., intra- 
peritoneally. 

6.0 cc. bouillon culture No. 432 heated 60°C. for min., intra- 


5.0 cc. killed culture intraperitoneally. 
6.0 “ “ “cc 
8.0 cc “ 
Weight 3,465 gm. 

10.0 cc. killed culture intraperitoneally. 


0.25 living hr. bouillon culture subcutaneously. 

Local reaction with fever. 

0.5 cc. living culture subcutaneously. 

reaction. 

1.0 cc. living culture subcutaneously. Local reaction. Weight 3,463 gm. 
0.5 hr. Severe temperature reaction. 
tion. 

0.6 cc. hr. bouillon culture intravenously. reaction. 
Small test bleeding, partial agglutination 1:100 dilution. 


1.0 cc. hr. bouillon culture intravenously. Temperature reaction. 
1.0 24 “ “ “ “ 


Animal sick; dietary disturbance; food withheld for 

2.5 cc. killed culture intraperitoneally. 

1.0 intravenously. Temperature reaction. 


Weight 3,328 gm. 
0.8 cc. living culture intraperitoneally. 


Test bleeding, agglutination dilution 1:200. 

2.0 cc. living culture intraperitoneally. 

Bled. Serum gives agglutination dilution 1:200. 


Culture Bov. Pn. the third group possesses considerable viru- 
lence for rabbits but relatively simple matter produce good 
agglutinating serum with the killed organism. serum which 
caused clumping the homologous strain dilution 1:500 was 
obtained after the injection killed cultures over period days. 
has been possible further treatment with killed cultures 
increase the titer this serum 1:5,000. 


Feb. 
5-6. 
“cc 
“cc 9. 
Mar. 
“ 4, 
8. 
“ce 9. 
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Antigens prepared suspending the growth from hour 
slant agar cultures 0.85 per cent sodium chloride solution which 
contained 0.25 per cent phenol gave the best results. Suspensions 
having density 2.5 with the apparatus were employed. 
All tubes were incubated 38°C. for hours. Agglutination the 
organisms Groups and takes place slowly. clumping 
visible before the 6th 8th hour. Both strains Group III agglu- 
tinate much more rapidly, gross clumping begins almost once and 
most the organisms fall the bottom within hours. 

The results the agglutination tests all strains with the sera 
three rabbits, each immunized with separate group strain, are 
given Table IV. 

Table indicates that the immunological grouping with one 
exception identical with the cultural grouping. All Group 
are agglutinated the Group serum from rabbit immunized with 
strain. serum does not cause clumping the organisms 
belonging the other groups. The same holds true when Group 
organism was used immunization. The Bov. Pn. antiserum 
acts only the organism possessing identical cultural characters. 
will noted that each strain, with the exception Culture 502, 
agglutinates well the limits the serum. 

addition the organisms appearing the table, one strain 
Bacillus avisepticus and two cultures Bacillus suisepticus were 
tested. The chicken-cholera organism possessed similar cultural 
characters those Group II, but failed agglutinate the 
lowest dilution (1:10) with Group serum. This organism gave 
agglutination the lower dilutions with Group III serum. The 
swine-plague bacilli were culturally indistinguishable from Group 
III. One gave partial agglutination dilution 1:100 with 
Group serum. The other failed agglutinate with either Group 
serum. 

Strain 502 evidently falls into separate immunological group. 
That organisms having similar morphological and cultural characters 
may differ their immunological properties has been shown clearly 
Dochez and for the pneumococcus. 


Gates, L., Med., 1920, xxxi, 105. 
Dochez, R., and Gillespie, J., Am. Med. Assn., 1913, 727. 
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Results somewhat similar are recorded Schirop. immunized 
rabbits with three different cultures Bacillus vitulisepticus. Two 
strains were culturally identical. The serum from each rabbit pro- 
tected mice against the homologous culture but failed protect 
against the others. 

Each type serum was absorbed with single homologous group 
strain. The sera were then tested against all their respective 
group cultures. was found that the agglutinins had been absorbed 
uniformly for all. 


DISCUSSION. 


Although the cultures studied were largely obtained from the cows 
and calves one herd, yet has been possible differentiate them 
clearly into three cultural and immunological groups. study the 
various data submitted the tables reveals some interesting points. 
The herd from which most the cultures were obtained has been 
under observation various members the staff since 
February 17, 1917, the single Group strain was isolated from 
Since that time similar organisms have not been met with. 
During January, 1917, Group strain was isolated Dr. Smith. 
1918, 1919, and 1920, found that organisms this class were 
associated with pneumonia calves, but they have not been regarded 
primary agents. This type has become endemic, pure infections 
with this organism have not been observed. During October, 1920, 
third type Bacillus bovisepticus (Group was introduced into 
the herd. outbreak pneumonia among the cows followed 
which this organism was the only one obtained. Since the out- 
break subsided sporadic cases have been found the calves and 
occasionally cows. Whether Type will finally displace Type 
and turn displaced freshly introduced virus can only 
proved future observation. 

Several other points are worthy emphasis. marked differ- 
ences cultural characters between the Group organisms and 
those the other groups seem preclude the name Bacillus bovisep- 
ticus for two such markedly different types. That Groups and 
differ little culturally that they may considered varieties 
the same species seems reasonable. Group however, differs such 
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degree not only its fermentative characters but its ability 
hemolyze and its failure produce indole that hardly possible 
consider variety the others. 

The Committee the Society American Bacteriologists 
Characterization and Classification Bacterial includes 
members the hemorrhagic septicemia group under the tribe Pas- 
genus Pasteurella. The genus characterized aerobic 
facultative, the powers carbohydrate fermentation are slight, and 
gas produced. Gelatin not liquefied. The organisms are 
parasitic. Nothing exists this characterization exclude any 
the organisms described from the genus Pasteurella. the 
name Pasteurella might applied members 
Group More definite characterization for these organisms would 
consist in, aside from morphology and capsules which are common 
all groups, the ability produce acid dextrose, lactose, saccharose, 
maltose, and mannitol; their inability produce indole; their in- 
solubility guinea pig bile; and their power hemolyze red 
cells agar plate cultures. The specific name vitulisepticus 
and Schirop) might applied organisms the second group, 
which may characterized follows: acid production dex- 
trose and saccharose but not lactose, maltose, mannitol, and 
salicin, and the production alkali under suitable conditions 
Indole formationis constant, but none produce hemol- 
ysis horse blood agar cultures. All members this group 
are soluble and guinea pig bile. For the present, Group III 
may regarded variety Group since they differ culturally 
but two details: their ability attack mannitol well dex- 
trose and saccharose and their insolubility and guinea pig bile. 

Since these data have been gathered together another organism has 
been isolated from cow which developed septicemia from wire 
which had penetrated from the rumen through the diaphragm and 
into the heart. This organism attacks the same substances the 
Group strains, but not hemolytic and produces indole. 
reasonable suppose that alarge number cultures from various 
sources were studied more cultural groups would found. 

Winslow, C.-E. A., Broadhurst, J., Buchanan, E., Krumwiede, C., Rogers, 
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The immunological findings are considerable interest. has 
been shown that least three serological groups exist. From pres- 
ent indications would appear that organisms having the same 
cultural characters not necessarily have similar agglutination 
affinities. This true Strain 502, which typical Group 
organism but which fails agglutinate with its group serum. Doubt- 
less the study others strains isolated from different sources may 
throw more light this point. This has been noted when few 
species from other hosts have been tested. The chicken-cholera 
organism which agreed with Group cultural characters failed 
agglutinate with this serum but did agglutinate with Type IIT serum. 
Two swine-plague cultures were identical culturally with the third 
type, one agglutinated moderately with Group serum, the other 
was not agglutinated. may possible show immunological 
differences between the pasteurella attacking different species. 
Perhaps the agglutination test will afford rapid and efficient method 
for the differentiation the human plague bacillus from members 
the hemorrhagic septicemia group which attack the lower animals. 
These immunological differences must taken into account when 
attempts are made control infections the field. 


SUMMARY. 


has been possible study the cultural characters and certain 
the immunological relationships sixteen strains Bacillus bovisep- 
ticus. organisms have fallen into three distinct cultural groups. 
The largest group comprises eight strains, four them obtained 
pure cultures from cases pneumonia cows, two others were pure 
infections calves, the others were associated with other organisms. 
This group may characterized short, non-motile, Gram-negative, 
encapsulated rods which fail produce indole but produce clear 
zones about the deep colonies horse blood agar plate cultures. 
Members this group produce acid media containing dextrose, 
lactose, saccharose, maltose, and mannitol. The final hydrogen ion 
concentration dextrose broth lies between 6.3 and 6.1. 

The next largest aggregation comprises six strains. These or- 
ganisms ferment dextrose and saccharose, but not attack lactose, 
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maltose, mannitol. All produce indole. All are soluble 
and guinea pig bile but none are hemolytic. 

The other two strains resemble the preceding but attack mannitol 
addition dextrose and saccharose. They produce indole but are 
not bile-soluble. 

the main the immunological relationship has been found 
follow cultural grouping. All Group are agglutinated 
serum prepared immunizing rabbit with single Group strain. 
This serum fails agglutinate members other groups. The same 
holds true with Group and III sera. instance has cross- 
agglutination between groups taken place. 
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THE FACTOR DETERMINING THE SPREAD RED 
MARROW DURING ANEMIA. 


PHILIP McMASTER, M.D., HERBERT HAESSLER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 
49. 


(Received for publication, June 20, 1921.) 


has long been known that certain forms anemia the red 
marrow extends throughout the bones, whereas other forms equally 
chronic, little any marrow spread occurs. The cause for this strik- 
ing difference not clear. Some experiments here detailed 
bear the problem thus presented. 

Several observers have noted that blood regeneration takes place 
less rapidly after hemorrhage than when destruction corpuscles 
has occurred within the The extraordinarily rapid improve- 
ment cases pernicious anemia after the called blood crises, 
well the active regeneration erythrocytes which follows hemoly- 
sis poison, have long excited comment. Itami and Pratt? found 
that rabbits rendered anemic destruction red cells within the 
body recover much faster than control animals deprived blood 
hemorrhage; and showed that animals rendered plethoric 
transfusion recovered with extraordinary rapidity from anemia 
due intravascular blood destruction. obvious explanation 
these diverse facts found the conservation within the body 
the products the destroyed cells, and has been shown that 
injections laked blood will hasten regeneration after 
What the part played the stroma substances this recovery? 
May one perhaps deplete the organism them and thus lead the 
production fragile cells, similar possibly the cells that are 
characteristic hemolytic icterus? Our experiments were devised 
originally answer this question. Animals were bled repeatedly and 


Ritz, H., Folia 1909, viii, 186. 

S., and Pratt, J., Biochem. Z., 1909, xviii, 302. 

Robertson, H., Exp. Med., 1917, xxvi, 221. 
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579 


— 


. 


580 SPREAD RED MARROW DURING ANEMIA 


the hemoglobin was replaced the hope that blood regeneration 
would thereby greatly enhanced exhaust the store 
stroma substances. 


Four series twelve rabbits each were rendered anemic almost daily bleed- 
ings from the heart during period weeks. Prior the first bleeding 
the animals were kept under observation for several days and repeated hemo- 
globin estimations were made the Palmer method, and the resistance the 
cells hypotonic salt solution was determined. the basis the findings, 
the animals were grouped into pairs having similar weights and hemoglobin 
readings; and repeated bleedings from the heart were begun aseptic tech- 
nique. One individual each pair received solution concentrated hemo- 
globin immediately after each bleeding into the anterior 
and lateral abdominal walls, care being taken avoid the veins. The injected 
pigment was distributed the tissue gentle massage. The hemoglobin solu- 
tion was prepared the method Sellards and from fresh rabbit blood 
obtained cardiac aspiration, and was made with salt solution percentage 
(140 per cent, Palmer) somewhat excess that found the blood. The 
amount injected, cc. each time, slightly more pigment than was removed 
single bleeding, was rapidly absorbed. Usually slight reddish stain alone 
remained the end hours and there was never any noticeable tissue reaction. 

avoid introduction the factor malnutrition which known depress 
marrow activity (Naegeli), the bleedings were cause only 
anemia. The weight was carefully followed and usually gain was noted 
during the experiment. blood was taken (in large animals cc.) every 
day until the hemoglobin reading had fallen just below per cent. this 
approximate level was maintained. Any rabbit showing less amount 
hemoglobin was not bled until regeneration had again brought the pigment 
above per cent. the rabbits had, begin with, hemoglobin readings 
only 100 per cent, will seen that the degree anemia induced was not 
great. The individuals given injections hemoglobin received every week-day, 
whether bled not. After weeks bleedings and injections, they regu- 
larly formed hemoglobin much more rapidly than the controls, shown 
the fact that far more blood had taken from them keep their hemo- 
globin the per cent mark. 

The resistance the red cells hypotonic salt solution was taken the 
index their fragility. was determined frequently according the usual 
technique. From time time color index was obtained, that say the ratio 
hemoglobin total cell bulk given amount blood determined 
Epstein’s microhematocrit The observations the blood were always 
made the morning and the bleedings and injections followed order. 


Sellards, W., and Minot, R., 1917, xxxvii, 161. 
Epstein, A., Lab. and Clin. Med., 1915-16, 610. 
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Blood Changes. 


The most marked difference, manifest during life, between the 
experimental animals and the controls was the greater rapidity 
blood regeneration the former. This was expected, and save 
the assumption its occurrence our experiments would not have been 
undertaken, for only through its means could the opportunity for 
stroma depletion rendered relatively great the experimental 
animals. That the removal corpuscular substance was far more 
considerable them than the controls shown relative amounts 
blood removed (Text-figs. 4), taken connection with the 
color index. For this latter, already stated, the ratio was used, 
not hemoglobin cell number, since the size the cells may vary, 
but hemoglobin corpuscle volume, that say, actual bulk 
hemoglobin-containing tissue. This ratio remained practically 
the same the injected and control animals, whence follows that 
the depletion recorded the charts refers not merely hemoglobin 
but total corpuscle substance well. Though the depletion was 
far greater the injected animals, the resistance their cells gave 
indication dearth stroma substance, showing only the same 
insignificant variations observable the controls. 

another clinical method evidence stroma lack was sought 
for. Under the conditions active regeneration from anemia 
increased number reticulated red cells found the blood. Many, 
indeed most, these cells there seen are polychromatophilic and 
obviously imperfect. was thought that marrow strain might 
relatively great the injected animals, since they were manufactur- 
ing more blood than the controls and had less stroma material 
with, and that, therefore, larger proportion reticulated red 
cells would found circulating them. The exact opposite proved 
the case. Though with the development anemia the reticu- 
lated cells increased both sets animals, they were, after the 
first few weeks, most numerous the controls and length strikingly 
so, shown Text-figs. Only very occasional nucleated 
red cells were found. 
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The same general explanation applies here Text-fig. 
and nearly identical findings are illustrated. Rabbits 20, 21, and received 
the pigment injections. these only No. failed regenerate hemoglobin 
better than the three controls. The percentage reticulated cells not charted. 


240 
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Cc. 360 


This figure shows the same facts those preceding. Despite the 
blood removed from the injected animals (Nos. and 
they were not rendered quite anemic the controls. 
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the injected animals (Nos. and 18) this series, the bleedings were 
eventually pushed the point danger, owing the repeated sudden reductions blood 
volume, yet the percentage circulating hemoglobin was not prevented from rising above 
that the controls. 


586 SPREAD RED MARROW DURING ANEMIA 


Morphological Changes. 


The reason for the differences above noted was strikingly evident 
autopsy. The erythropoietic tissue the animals injected with 
hemoglobin had undergone extensive hyperplasia, whereas that 
the controls had increased little all. 


The animals were with chloroform. Pieces the liver, kidneys, and 
spleen were saved determine whether there had been extramedullary blood 
formation. was never notable. All the large, long bones—femur, tibia, 
humerus, and ulna—were stripped muscle and split open along one side 
expose the entire length the marrow cavity. was early recognized that only 
averages might conclusion arrived regards marrow spread, since the 
red marrow normal rabbits varies greatly extent. Thus, for example, 
the femur may occupy only the upper third the shaft practically the 
whole it, though the latter case there ordinarily considerable admixture 
fatty tissue toward the distal end. the tibia, little red marrow normally 
present the proximal end and somewhat less found the humerus and ulna. 
All the marrows removed from the anemic animals were fixed Zenker’s 
fluid and sections made,—in some series the entire marrow length and 
others cross-sections the proximal, middle, and distal portions. 


cannot said that the control animals there was any definite 
increase hematopoietic tissue over the normal. Always was 
rather pale, and extended, mixed with more less fat, throughout 
the upper one- two-thirds the femur, but was never present 
any great quantity the humerus, tibia, and ulna. far different 
condition was encountered the injected animals. the entire 
shafts femur and humerus were filled with deep red, typical 
rant jelly” marrow, and the tibia and ulna contained similar tissue 
throughout their length which the controls held almost nothing 
but fat. Figs. illustrate the findings. would again empha- 
size the fact that our statement based not individual instances, 
for these vary. considerably, but the assembled findings 
rabbits. 

The histological pictures whole showed contrast great 
the gross. the injected rabbits the extension the red marrow 
the expense the yellow was, course, well seen, but far more 
important was qualitative change the first mentioned tissue, 
namely enormous increase the erythrocyte-forming elements 
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distinct from the leucogenic. Under the microscope large aggre- 
gations the pycnotic nuclei immature red cells, the mark eryth- 
rogenic islands great size, once attracted attention. All the 
tissue was extremely vascular. characteristic finding shown 
Fig. and should contrasted with that Fig. obtained from the 
same level the femur the control rabbit. 


DISCUSSION. 


The experiments yielded evidence that rabbits can depleted 
stroma sufficiently affect the resistance the red cells hypo- 
tonic salt solution. Rather they indicate that the elements which 
form stroma can provided the body occasion quan- 
tities enormously excess those demanded any ordinary emer- 
gency. view supported not only the blood findings but 
the great spread the erythropoietic tissue the animals receiving 
hemoglobin. 

All the rabbits remained healthy and well nourished, and the 
anemia all was but moderate. These facts seem rule out 
the possibility that the injected pigment served merely food the 
ordinary sense. The diet was mixed and contained much green vege- 
table, that abundance iron must have been available the 
controls. possible, course, that iron compounds readily 
utilized the marrow may have been lacking them and present 
the experimental animals virtue the injected hemoglobin. But 
certainly the injections did not bring about any noteworthy short 
cut the elaboration hemoglobin-containing cells. Their effect 
the blood did not become clearly evident until during the 3rd 
week anemia, the charts show. Long before this time, after 
but few bleedings, corpuscles poor hemoglobin were circulating 
large numbers just the controls. Had any considerable 
amount the material provided the injections made its way 
the corpuscular tissue metabolic route more direct than the 
normal, its effect should have been evident early rapid replace- 
ment the circulating hemoglobin and perhaps relatively high 
color index. high color index has indeed been recorded during 
recovery from anemia abruptly produced hemolytic poison 
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sudden intercurrent blood destruction animals long plethoric 
from But these instances, the index was determined 
the basis cell number, whereas the present work the total 
bulk the cells given amount whole blood has been used 
instead. The distinction worthy stress since the average size 
the corpuscles varies much under different conditions. 

Late the experiments when the injected animals were repairing 
their blood loss far more rapidly than the controls, reticulated cells 
were less numerous their circulation—a fact which first seems 
exception the generally accepted rule that anemic states the 
number reticulated cells bears rough relationship the rapidity 
with which regeneration going on. But the exception only 
apparent one. The demands for new blood were nearly identical 


all the rabbits, but they were exerted upon very different amounts 


marrow; and those possessing most this tissue, that say 
the injected animals, repair would inevitably take place most quickly, 
granting that the blood-forming elements worked the same rate 
all. Had this been the only factor concerned, the number cir- 
culating reticulated cells should have been approximately the same 
both sets animals. But the injected rabbits there was 
additional advantage. Blood repair them went fast that 
the hours between bleedings was sufficient for recovery slightly 
higher hemoglobin percentage than the controls. Thus the anemia 
from day day was not really quite severe the latter—a 
fact refiected some the charts,—and the demands the bone 
marrow were less drastic and elicited the setting-free fewer reticu- 
lated cells. 

The fact well attested that anemia induced letting blood from 
the healthy body does not suffice cause any marked marrow hyper- 
plasia. Some other factor necessary. This factor, shown 
our experiments, the presence the body hemoglobin excess 
the amount that the existing hematopoietic tissue can utilize. 
Under the conditions moderate anemia fixed grade, such 
have dealt with, the marrow supplied from the body with enough 
hemoglobin manufacture cells certain kind certain rate, 
cells which may considered the inevitable product the inter- 
acting conditions. When more hemoglobin supplied, our 
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injected animals, and the degree anemia not altered, the physio- 
logic choice arises more heavily pigmented cells formed the 
same tissue merely greater quantity cells the same sort. 
The second alternative the one chiefly taken; and the output 
the marrow increases this tissue itself spreads. 

When the clinical and marrow findings human anemias dif- 
ferent origin are compared, seen once that there are two large 
classes which correspond essentials with our rabbits. Included 
the one class are pernicious anemia, malarial anemias, anemia from 
purpura, and that various hemolytic origins, all which the 
blood destroyed within the body and more less conservation and 
utilization its constituents may occur with result that the “turn 
over” corpuscular material the combined processes destruc- 
tion and restitution becomes abnormally great. these cases 
our injected rabbits the marrow spreads. And then there are the 
anemias from hemorrhage, from iron deprivation, which 
our control rabbits there exists lack and the marrow fails spread, 
spreads slightly and slowly conditions render the elaboration 
hemoglobin relatively easy. Anemias due marrow depression lie, 
course, outside both categories. 

Repeated reference has been made thus far repair blood 
quantity versus one blood quality (altered color index). While the 
former means repair preponderated the conditions with which 
have had deal there are undoubtedly states which the sec- 
ond much importance. pernicious anemia, Capps’ has 
shown, the color index based hemoglobin versus the volume the 
massed corpuscles often higher than normal, showing that the excess 
pigment available for blood formation has had the effect altering 
the blood tissue qualitative direction. But when this the case 
the quantitative output tends even more markedly affected, 
shown the enormous marrow spread. That the marrow cases 
pernicious anemia can, occasion, function its spread would 
seem warrant, proven the noteworthy rapidity with which 
blood repair occurs during remissions the disease. 


A., Med. Research, 1903-04, 367. 
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Rabbits which chronic anemia moderate grade induced 
repeated bleedings repair the hemoglobin loss much more rapidly 
when given subcutaneous injections hemoglobin than when this 
not the case. But the effect the injections not manifest for 
several weeks, during which many pale corpuscles are put out the 
marrow; whence follows that the introduced pigment does not 
find its way quantity direct the new-formed cells but must 
follow more less roundabout metabolic route, perhaps the same 
one that ordinary iron compounds destined for the blood. 

The rapid replacement the circulating hemoglobin the in- 
jected animals occurs chiefly through increased production 
corpuscular substance having the same color index that found 
uninjected, anemic controls. color index this connection 
meant the relation hemoglobin the volume the massed 
corpuscles. 

Late the period bleedings and hemoglobin injections the 
demand for stroma for the new-formed blood far greater than 
control animals that have been merely bled, yet the circulating cor- 
puscles show lessening resistance salt solution, such might 
perhaps expected were there stroma lack. The hematopoietic 
tissue the injected animals undergoes extensive increase—a 
fact which speaks strongly for the view that the elements out 
which stroma formed are still abundant. 

The factor which determines the spread red marrow during 
anemia shown our experiments the presence the body 
hemoglobin, perhaps its precursors, excess the amount 
which can utilized the marrow already existing. Numerous 
illustrations support the point can adduced from human 
pathology. Two will suffice. The widespread “currant jelly” 
marrow pernicious anemia found organism rendered anemic 
but supplied with hemoglobin excess; while the pale, restricted 
marrow cases suffering from chronic anemia due repeated hemor- 
rhages associated with depletion the constituents necessary for 
pigment production. 
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EXPLANATION PLATES. 


PLATE 47, 


(see Text-figs. and 4). Those the injected animals are the left. The 
marrow them dark red character whereas that the con- 
trols for the most part fatty. Fresh specimens. 


Fic. Femora the same rabbits grouped the same way and showing 
the same differences. 
PLATE 49, 


Fics. and These figures are taken from the same level the distal por- 
tion the femur marrow Rabbits and 13, injected animal and its control 
which were bled almost equal amounts (Text-fig. 1). The replacement fat 
tissue with hematopoietic elements seen almost complete Fig. from 
the injected animal. The abundance and size the erythropoietic islands, 
indicated aggregations pycnotic nuclei, are especially noteworthy. 
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(McMaster and Haessler: Spread red marrow during anemia.) 


| 
| 
| 
| 
| 
| 


| 
| 
| 
: | 
| 
igh 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| } 
| 
| 
| 
| 
| 
| 
| 
| 
} | 
| 
| 
| 
| 
| 
| q 
| 
| 
| 
| 
43 


THE JOURNAL EXPERIMENTAL MEDICINE XXXIV. PLATE 49. 


of 


Fic. 


(McMaster and Haessler: Spread red marrow during anemia.) 


Fic. 


| 
4 
a 
F 
ay 
‘ 
| 
34 


THE CAPSULES SHEATHS BACILLUS ACTINOIDES. 
THEOBALD SMITH, M.D. 


(From the Department Animal Pathology The Rockefeller Institute for Medicat 
Research, Princeton, J.) 


PLATE 50. 
(Received for publication, June 21, 1921.) 


Bacillus actinoides probably one member group related 
bacteria, the other members which will due time isolated 
and described. Its biological importance defined production 
abundant capsular substance certain and 
cation within epithelial cells,? its practical importance its agency 


the production sporadic and epizootic bronchopneumonia 
calves.? 


order correlate the facts presented with what has been 


published the chief features Bacillus actinoides are again briefly 
summarized. 


Multiplication the form small flakes mm. diameter which 
consist parallel bundles sheathed filaments, each filament terminating 
club-like expansions. The flake thereby becomes more less rounded, mulberry- 
like, and resembles sphere with clubs projecting from the central mass. Within 
the filaments this Actinomyces-like growth are chains minute bacilli. 

The sheaths and clubs are produced the condensation water coagulated 
serum and less promptly the sloped surface, but not agar plus tissue, milk, 
blood. these latter media the growth feeble and the organism appears 
the form rods. often fails entirely. 

ordinary media, such plain agar and bouillon, the bacillus multiplies 
very faintly not all. 

After more days growth agar plus blood tissue, minute refringent 
bodies are found free large numbers and also within the few remaining rods. 
some cultures all bacilli had entirely disappeared. These statements apply 
culture tubes made air-tight with sealing-wax. 


T., Exp. Med., 1918, xxviii, 333. 
T., Exp. Med., 1921, xxxiii, 441. 
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The bacillus fails produce any appreciable lesions small animals but 
causes necrosis and suppuration both the lungs and subcutis calves. Its 
virulence gradually declines. strain between and years old was practi- 
cally extinct. 

relatively vulnerable destructive agents. does not survive more 
than weeks sealed cultures. quite rapidly killed dried films 
and fluids 60°C. 


Cultural Characters. 


the former paper, little was stated the growth the slanted 
surface serum tubes, because the multiplication the condensa- 
tion water prompt and striking, that the surface slow and in- 
conspicuous. Within days the minute floccules appear the 
relatively clear condensation water and within week this fluid 
opaque with them. the sloped surface, however, mere point-like 
colonies, easily overlooked first, not appear for days. 
such tubes are kept thereafter room temperature, the growth 
the slanted surface slowly increases until month weeks 
colonies 0.5 mm. are present. They then appear chalky- 
white specks, standing well from the surface. Fusion into 
flat, white, elevated patch occasionally seen. The growth con- 
sists semifluid, opaque mass which microscopically made 
the same elements those found earlier the condensation water. 

The growth Bacillus actinoides much the same coagulated 
cow serum and rabbit serum horse serum. The only points 
difference are slightly more vigorous growth the cow serum and 
slowly developing, distinct, pale yellowish tinge the creamy 
floating layer and the surface colonies. 

Since the pneumonic lungs especially later stages contain other 
species bacteria, most frequently Bacillus pyogenes Bacillus 
bovisepticus both, the detection Bacillus actinoides may fail. 
The best medium use such cases coagulated blood serum 
which some calf serum water added increase the amount 
“condensation water.” This, however, not essential. Even 
the serum the secondary invaders grow with greater rapidity. 
Colonies Bacillus bovisepticus expand into very thin layers and 
those Bacillus pyogenes pit the surface and cause slow liquefac- 
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tion. such mixed cultures, Bacillus actinoides may detected 
after week minute points between the other colonies. Micro- 
scopic examination shows the characteristic flocculi and bizarre 
forms associated with this species. frequently impossible, 
however, obtain pure cultures from such tubes. 


Variations the Production Capsules. 


The absence sheaths capsules cultures agar slants con- 
taining blood tissue, and agar which small amount 
milk with without fat has been incorporated, has been referred 
part heretofore. these surfaces the growth continues very 
feeble even after many transfers. 

Absence capsular substance has also been noticed coagulated 
blood serum. From two cases both the sheathed and the unsheathed 
variety have been isolated and continued pure culture indefinitely. 
When capsules are not produced the growth the serum surface 
very feeble and the chalky whiteness replaced relatively color- 
less semitranslucent appearance the point-like colonies. the 
condensation water the floccules are replaced fine powdery 
cloudiness which due small groups and clusters 
dently the relative richness the growth the capsulated variety 
chiefly due the capsular material itself. Attention called 
this variety since might either overlooked account the 
very feeble growth else regarded some other species. 

The same variations have appeared the course passing 
given strain (No. 462) through calves. Both the sheathed and the 
non-sheathed variety appeared cultures from the fourth calf. 
determine whether the second form was virulent calf was inocu- 
lated and large local necrotic focus produced The capsules 
are not therefore the carriers virulence. 


Changes the Sheaths Capsules. 


Two modifications may take place, one occurring the individual 
culture ages, the other after repeated transfers. 

Concerning the first change little need said. The sheaths 
the early days the culture are very feebly refringent. The floccules 
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dried cover-slips appear unstained spots with the tangle 
stained bacilli within them. After week longer, they become more 
opaque, material were deposited within them. They then tend 
absorb and hold dyes and the bacilli within them are longer 
demonstrable. 

The second change one which progresses parallel with artificial 
cultivation. may appear within one several months. con- 
sists gradual change the physical appearance the capsular 
material. When freshly isolated from the lungs, the sheath 
Bacillus actinoides, examined unstained the condensation water, 
suggests its physical appearance the myelinic forms found 
sputum and nerve tissue (Fig. 1). After more months 
weekly transfers, dense masses very minute refringent granules, 
the largest about 0.5 micron diameter, appear, which cover and 
conceal the floccules entirely (Fig. 3). These granules occur em- 
bedded the sheath the bacilli (Fig. 2). This transformation, 
has taken place all but one the strains isolated. this one 
(Calf 544) the absence the particular change described even after 
months weekly transfers has influenced the appearance the 
culture. The mass and color growth resemble closely the non- 
capsuled varieties described above. The growth this strain 
blood agar differs nowise from that the capsulated strains. 


The Nature the Sheath. 


The tendency the growth mass the condensation water 
coagulated horse serum form creamy layer, floating the sur- 
face, and whitish deposit settling the bottom, called attention 
the possible lipoid character the granules, since the creamy 
layer appears quantity with the granules. When the tube 
shaken this layer promptly forms homogeneous suspension the 
condensation water. After day two reappears. This ten- 
dency rise not lost when the fluid containing the growth 
heated 65°C. 

The fine granules tend run together into larger spheres when 
opportunity given. the surface growth spread cover-glasses 
allowed dry for few minutes and then examined water, 
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have replaced most the granules, owing coalescing the 
latter into larger masses during the drying. The specimen then 
suggests film cream. has greasy appearance and acts 
greasy film that air bubbles are usually imprisoned over when 
water placed the slide and the cover-slip laid it. 

The dried film when placed absolute alcohol, ether, chloroform, 
petroleum ether greatly altered. When the cover-slip re- 
moved from these fluids, the adhering solvent permitted evapo- 
rate, and the film examined drop water, the refringent discs 
have disappeared. slight amount amorphous material which 
takes stains feebly and diffusely remains. Bacteria hitherto ob- 
scured the mass discs appear large numbers even when un- 
stained. After immersion per cent acetic acid and per cent 
caustic potash little change the fat-like bodies seen. Schar- 
lach alcoholic solution stains the fat-like droplets. 

The above observations upon the presence fat the creamy 
layer have been confirmed Paul Howe this Department who 
has been examining the material became available from cultures, 
since mass cultures have been attempted for more detailed 
chemical analysis. The results the preliminary chemical examina- 
tion demonstrate the presence from per cent fat 
fat-like substance the creamy layer which may extracted from 
the dried material obtained filtration the culture fluid and 
subsequent drying low temperature. From material separated 
and washed suspension one-half saturated sodium chloride 
per cent fat and fat-like substance was extracted. Certair 
types crystals occurred the extracted material, such plates 
and feathery groups, which have not been identified yet. Fatty 
acids were present considerable amount and sterol, probably 
cholesterol, has been demonstrated colorimetrically. However, 
quantitative colorimetric estimation the cholesterol present 
the sterile culture fluid and similar fluid which the organism 
had multiplied did not show any measurable difference the amount 
cholesterol present. substance precipitated with acetone from 
ethereal solution has been repeatedly demonstrated. The quantities 
material extracted have not exceeded 0.01 0.02 gm. 
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SUMMARY. 


The production capsules sheaths subject considerable 
variation this species. Thus far coagulated serum has been 
found the only substrate stimulate its appearance. not 
known whether the capsular substance induced the parasitism. 
The presence sheaths within epithelial cells and their absence 
cellular exudates suggest the inference that the sheath protective 
substance when the parasite multiplies living cells. The complete 
absence sheaths some strains might make the recognition 
this species difficult, but its other characters both positive and 
negative are kept mind, this difficulty will not serious. 

Next importance fluctuations the presence absence 
capsules the change metabolic processes leading the produc- 
tion and accumulation fatty substances the cultures. The 
original capsular material resembles its optical characters myelins. 
the course artificial cultivation fat granules make their appear- 
ance the expense the original myelin-like substance. This 
process may regarded degenerative one the sense that 
accompanies the gradual loss the function secreting the cap- 
sular substance. 


EXPLANATION PLATE 50. 


The preparations are unstained, mounted normal salt solution (Fig. and 
condensation water (Figs. and 3). 

Fic. Horse serum culture strain actinoides, Calf 544. from 
the sloped surface tube about months old, kept sealed room temperature. 
Similar forms may found the condensation water fresh cultures. This 
strain, under cultivation for months, has thus far resisted the 
tendency. 1,000. 

Fic. Condensation-water growth horse serum tube days From 
strain Calf 440, under cultivation for months. Note the interlacing fila- 
ments with refringent granules embedded the sheaths. 1,000. 


Fic. Similar growth from culture, Calf 450, days old. The strain has 


been under cultivation for months. The figure represents small portion 
floccule covered with refringent granules, among which are clear spaces repre- 
senting the original myelin-like clubs and sheaths. 1,000. 
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AGE AND MULTIPLICATION FIBROBLASTS. 


ALEXIS CARREL, M.D., ALBERT EBELING, M.D. 
(From the Laboratories The Institute for Medical Research.) 


(Received for publication, June 11, 1921.) 


The symptoms senescence are evidently the expression pro- 
found physicochemical changes which occur the humors and the 
tissues the organism under the influence time. But the nature 
these changes still utterly unknown. the modifications 
blood serum and interstitial lymph which are functions the age 
the organism could quantitatively studied, probable that the 
mechanism growth, differentiation, and senescence would 
better understood. Some years ago, one the writers attempted 
develop method for detecting these modifications. cultivating 
connective tissue the plasma chickens different ages 
found that the growth was more abundant the plasma the 
younger than that the older This fact suggested that 
proliferating fibroblasts could used reagent for the changes 
occurring the blood under the influence age, technique suffi- 
ciently accurate were developed. During the last few years, the 
necessary improvements the methods cultivating tissues have 
been has, then, become possible study the cause 
the slower multiplication fibroblasts the serum old animals 
and the factors senescence. The experiments Loeb and 
Northrop the temperature duration life Drosoph- 
ila lead the conclusion that the duration life was probably 
determined the production substance leading old age, 
the destruction substance which normally prevents old age 
and natural was important know which these 


A., Exp. Med., 1913, xviii, 287. 

Ebeling, H., Exp. Med., 1921, xxxiii, 641. 

Ebeling, H., Exp. Med., 1921, xxxiv, 231. 

J., and Northrop, H., Biol. Chem., 1917, xxxii, 103. 
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hypotheses agrees with the reality. The purpose the experiments 
described this paper was ascertain whether definite relation 
exists between the rate multiplication fibroblasts cultivated 
plasma and the age the animal from which the plasma 
obtained, and whether the modifications brought about age 
the action the plasma fibroblasts are due the disappear- 
ance accelerating factor, the production inhibiting 
factor. 


Relation Age Serum Rate Growth and Duration Life 
Fibroblasts. 


While has been known for several years that the rate growth 
connective tissue varies inverse ratio the age the animal from 


TABLE 
Rate Growth Embryonic Heart and Liver the Plasma Chickens Years, 
Years, and Months Old. 


Width ring new tissue. 
Experi- 


chicken chicken 
plasma plasma. 
1912 


which the plasma taken,! the relation between the two quantities 
could not established, owing the lack sufficient accuracy 
the technique. 1912, fragments embryonic heart and liver were 
cultivated plasma obtained from month, year, and year old 
chickens (Table I). The width the ring connective tissue pro- 
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duced around the fragments was larger the plasma the young 
than that the older chickens. larger amount connective 
tissue was produced the serum month old kitten than 
that year old cat. The same phenomenon occurred when the 
sera and year old human beings were used media. Con- 


TABLE 


Rate Growth and Duration Life Fibroblasts the Plasma Week Old 
Chicken and Year Old Hen. 


Experiment Experiment Experiment 

Relative Relative Relative 

increase. increase. increase. 


hour culture. 
hour culture. 
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nective tissue always grew more abundantly the serum the 
younger animals. spite the defects the technique, the in- 
fluence age was evident. 

Another series experiments was made recently with more pre- 
cise measurements. Pure cultures fibroblasts were taken from 
year old strain connective tissue previously kept mixture 
plasma and embryo juice. Each fragment was divided two equal 
parts which were imbedded the plasma chickens weeks 
years age. The proliferation the fibroblasts young and 
older plasmas was studied according technique previously de- 
hour after the preparation the cultures, and hours 
later, the fragments were outlined and their area was measured. 
The rate growth was expressed terms the relative increase 
the area the original fragment hours. study was made 
the rate growth and the duration life the fibroblasts the 
plasma week, month, year, and year old chickens. 

Plasma Week Old and Year Old plasma 
animals weeks and years age was used medium for fibro- 
blasts taken from hour old stock culture. every experi- 
ment, the growth was more active the young than the older 
plasma (Table account the accidental irregularities 
the curves, the comparison the rates growth was made after 
the fifth passage (Text-figs. 3). The average amount tissue 
produced during this period the plasma the older animal was 
per cent that the plasma the young animal. was also 
found that the duration life the fibroblasts the plasma 
the older animal was per cent that the plasma the younger 
animal. 

Plasma Month Old and Old comparison 
the plasmas month and year old animals was made the 
same manner (Table III). The fibroblasts were taken from 
hour old stock culture. soon they were transferred from the 
mixture plasma and embryo juice plasma alone, sudden drop 
the velocity growth was observed, shown the descending 
branch the curves (Text-figs. 7). This resulted from the sup- 
pression the medium the active substances contained the 
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Relative increase 


Passage 
blasts the plasma month old chicken and year old hen. 


Relative increase 


Passage 


blasts the plasma month old chicken and year old hen. 
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Relative increase 


Experiment Comparison the rate growth fibro- 
blasts the plasma month old chicken and year old hen. 


Relative increase 


0 | 2 3 4 2 6 i 8 9 10 - if 12 13 14 15 
Passage 


Experiment Comparison the rate growth fibro- 
blasts the plasma month old chicken and year old hen. 
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embryo After the first passage both fragments the 
plasma the young and older chickens, marked and almost con- 


Experiment 


Relative 
increase. 

an 

= Ss 
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TABLE IV. 


Rate Growth and Duration Life Fibroblasts the Plasma Month Old 
Chicken and Year Old Cock. 


Passage No. 
Culture No. 


Experiment 
Relative 
increase. 

Date 
a uw 

to & 

2 


Experiment 


Date. 
1921 
May 
20* 


2.38 
2.27 
2.09 
1.53 
1.29 
0.55 
1.34 
0.83 
0.50 
0.26 
0.52 
0.26 


June 


hour culture. 


“ 


Relative 
increase. 
Date. 
a} O < 
1921 
May 
12:0 
|1.29 
|0.49 


stant difference the extent growth was observed. The number 
passages during which the fibroblasts multiplied, that is, the dura- 
tion the life the cultures both plasmas, differed widely. The 
tissues cultivated the plasma the older animal died after the 
seventh passage average, while the plasma the young 


Carrel, A., and Ebeling, H., Exp. Med., 1921, xxxiv, 317. 


Carrel, A., Exp. Med., 1913, xvii, 14. 
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Relative 


Passage 


Experiment Comparison the rate growth fibro- 
blasts the plasma month old chicken and year old cock. 


Relative increase 


Passage 


Experiment Comparison the rate growth fibro- 
blasts the plasma month old chicken and year old cock. 


Relstive increase 


Passage 


blasts the plasma month old chicken and year old cock. 
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animal, death occurred after the thirteenth passage. Thus, the dura- 
tion life connective tissue the year old plasma was per 
cent that the month old plasma (Text-fig. 11). The amount 
tissue produced given time both plasmas showed striking 
differences. comparison was made between the areas new 


120 
110 
100 


Per cent 


11. Duration life vitro fibroblasts function the age 
the animals from which the plasma was taken. 


tissue produced both plasmas during the life the fibroblasts 
the older plasma. The amount growth the plasma the 
year old animal was per cent that the plasma the month 
old animal (Text-fig. 12). 

Plasma Month Old and Year Old action 
the plasma month old chicken was compared with that the 
plasma year old chicken (Table IV, Text-figs. 10). The 
rate growth the old plasma was per cent that the young 
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plasma (Text-fig. duration life the cultures the 
plasma the old animal was only per cent that the plasma 
the young animal (Text-fig. 11). 


Serum Month Old and Year Old investiga- 


130 
120 

100 


Average relative increase 


12. Rate growth fibroblasts function the age the 
animal from which the plasma was taken. 


tion was then made order determine whether serum acted 
the same manner plasma. Fragments pure culture fibro- 
blasts were placed media composed fibrinogen per cent, 
Tyrode solution per cent, and serum per cent (Table V). The 
sera were obtained from the plasmas the month and year old 
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animals. was soon found that the original fragment often con- 
tracted the serum the older animals, and accurate measure- 
ment was possible. several cases, however, the cultures remained 
normal. The rate growth during the first passage the serum 
the year old chicken was per cent that the serum the 
month old chicken. Other experiments were made which the 
fibrinogen suspension was replaced the medium per cent 
normal plasma. Again similar changes the rate growth were 
observed. 


TABLE 
Rate Growth Fibroblasts the Serum Month Old and Year Old 
Hen. 
Medium. 
Experiment No. Culture No. Date. 
Serum 70 per cent; | Serum 70 per cent; 
fibrinogen fibrinogen 
per cent. per cent. 
1921 
20839 Apr. 2.28 1.44 
20840 2.65 1.74 
20841 1.91 1.47 
20843 3.03 2.42 


dS 
w 
— 
oo 


There was, therefore, doubt that the rate multiplication 
and the duration their life vitro varied inverse 
ratio the age the animals from which the plasma the serum was 
taken. The graph representing the rate growth, function the 
age the animals which have given the plasma, shows that the 
differences are very large (Text-fig. 12). Another graph expresses the 
relation between the duration life and the age (Text-fig.11). These 
curves show that there definite relation between the rate pro- 
liferation the fibroblasts, the length their life vitro, and the age 
the animal. is, therefore, possible use pure culture 
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fibroblasts reagent for detecting some the modifications 
occurring blood serum under the influence time. 


Relation Concentration Serum Rate Growth. 


The action the growth fibroblasts the serum taken 
from animals advancing age could explained the disap- 
pearance from the blood accelerating factor, the develop- 
ment the blood inhibiting factor. youth were supposed 
characterized factor present the blood and activating the 
multiplication fibroblasts, and senescence decrease the 
power this factor, connective tissue cells should proliferate more 


TABLE VI. 
Rate Growth Fibroblasts High and Low Concentrations the Serum 
Week Old Chicken. 
Medium. 
Experiment No. Culture No. Date. Serum per cent; Serum per cent; 
fibrinogen fibrinogen 
per cent. per cent. 
1921 
21424 May 4.34 3.90 
21426 3.74 4.21 
21427 4.13 4.00 


actively medium containing serum under high concentration 
than medium made lower concentration the same serum. 
the contrary, the same phenomena were caused the progressive 
increase factor inhibiting the multiplication fibroblasts, con- 
nective tissue cells should multiply more actively low than 
high serum concentration. 

The value these hypotheses was examined study the 
growth fibroblasts high and low concentrations the serum 


| 
aa 
| 
a 
' 
ES 
A 
4 
4 


ALEXIS CARREL AND ALBERT EBELING 615 


chickens weeks, months, years, and years age. The media 
were made fibrinogen suspension, serum, and Tyrode solution. 


Per 
cent 
100 


Rate growth 


concentration 


13. Variations the rate growth fibroblasts function 
the serum concentration and the age the animal from which the serum was 
taken. The chart shows the modifications the rate growth high and low 
serum concentrations chickens weeks, months, years, and years old. 


The rate growth the lower serum concentration considered equal 100 
per cent. 


The serum concentrations used were generally 10, 50, and per cent. 
When the serum the older animal was used, the original fragment 
frequently contracted after few hours. The growth was irregular 
and accurate measurements could taken. These changes 
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TABLE VII. 
Rate Growth Fibroblasts High and Low Concentrations the Serum 
Month Old Chicken, and Tyrode Solution. 
Medium. Medium. Medium. Medium. Medium. 
1921 
en. 
Shrunk- 
en. 
May 1.28) 1.33 
1.26 


Not included average. 
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occurred earlier and were more marked when the serum the year 
old chicken was used. This peculiar action the serum the 
older animals rendered necessary the use serum concentration 
per cent. other experiments per cent plasma was substituted 
for per cent fibrinogen suspension. action serum was also 
compared with that Tyrode solution alone. 

Serum Week Old media contained respec- 
tively and per cent serum, and per cent fibrinogen suspen- 
sion. Five experiments were performed (Table VI). The differences 
the rate growth the low and high serum concentrations were 
practically the same (Text-fig. 13). Therefore, the serum the 
week old chicken could considered deprived retarding 
well accelerating action connective tissue cell proliferation. 

Serum Month Old Chicken.—The media contained 2.5, 10, 50, 
and per cent serum, and was completed some experiments 
per cent fibrinogen suspension, and others per cent plasma. 
There was marked difference the rate growth the low 
and high concentrations serum (Table VII). seemed, there- 
fore, that the serum month old chicken did not contain any 
accelerating factor. slight retardation the rate growth ob- 
served the higher serum concentrations was too small allow any 
conclusion about the presence absence inhibiting factor 
(Text-fig. 13). last series experiments, the differences the 
rate multiplication fibroblasts produced and per cent 
serum examined. The amount growth obtained per 
cent serum was only per cent that observed Tyrode solution. 

Serum Year Old Chicken.—In seven experiments, the growth 
fibroblasts fibrinogen medium containing and per cent 
serum was studied. other experiments, per cent plasma was 
substituted for fibrinogen suspension. The growth was found 
constantly smaller the media containing per cent serum than 
that containing only per cent (Table the media made 
fibrinogen and serum, the amount tissue produced the per 
cent serum was only per cent the amount per cent serum 
(Text-fig. 13). Since increase per cent the concentration 
the serum the culture medium decreased the amount tissue 
produced per cent, the serum the year old chicken con- 
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tained, without any doubt, factor which inhibited markedly the 
proliferation fibroblasts vitro. 


TABLE 


Rate Growth Fibroblasts High and Low Concentrations the Serum 
Year Old Hen, and Tyrode Solution. 


Medium. Medium 
Experi- Culture Serum Serum Serum 
ment No. No. percent;|50 percent percent; 


per cent; 


1921 
21043 3.29 2.78 
21118 1.83 1.40 
21119 2.06 1.24 
21120 Spoiled. 
21121 3.13 1.48 
21122 Spoiled. 
21123 2.18 1.24 
21143 4.34 3.55 
21144 4.13 3.69 
21147 4.09 2.78 
21148 5.08 4.73 
21264 May 4.33 2.60 
21266 2.68 1.48 
21554 2.65 2.19 
21555 3.42 2.28 
21557 3.54 2.81 


few experiments, the action per cent serum was com- 
pared with that pure Tyrode solution, and under these conditions 


the serum also appeared have marked retarding action (Table 
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Serum Year Old several experiments, 
growth could observed the media containing per cent serum 
because the tissue fragment contracted. However, few, the 
cultures remained normal and accurate measurements could 
made (Table The rate growth the high serum concentra- 


TABLE IX. 


Rate Growth High and Low Concentrations the Serum 
Year Old Cock. 


Medium. 
fibrinogen fibrinogen 
20 per cent. 20 per cent. 
1921 
21304 1.82 1.03 
21306 1.60 0.80 
21347 3.24 1.46 
21348 2.36 0.87 


Not included average. 


tion was only per cent that observed the low serum concen- 
tration (Text-fig. 13). When the medium contained per cent 
serum, the tissue fragment practically always contracted and showed 
very little activity. The cells contained more fat granules the 
higher concentrations serum than the lower. appeared that 
the serum old animal determined certain changes the tissue 
which could not detected mere measurement the rate 
proliferation. 

The results obtained the preceding experiments are represented 
Text-fig. 13, which the amount growth the high serum 
concentration compared with that the lower, which con- 
sidered equal 100 case did the fibroblasts multiply 
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more actively high than low serum concentration. demon- 
strated that growing animals, the blood serum does not contain 
any accelerating factor for the proliferation the fibroblasts. The 
higher concentrations the serum the older animals retarded 
the rate multiplication markedly. was doubt, therefore, 
that age does not bring about the disappearance from the blood 
serum accelerating factor, but produces the increase 
inhibiting factor for the growth fibroblasts. 


SUMMARY. 


Pure cultures fibroblasts displayed marked differences their 
activity the plasma young, middle aged, and old chickens. 
The rate cell multiplication varied inverse ratio the age the 
animal from which the plasma was taken. ‘There was definite rela- 
tion between the age the animal and the amount new tissue 
produced its plasma given time (Text-figs. 10). The 
chart obtained plotting the rate cell proliferation ordinates, 
and the age the animal showed that the rate growth 
decreased more quickly than the age increased (Text-fig. 12). The 
decrease the rate growth was per cent during the first years 
life, while the following years was only per cent. When 
the duration the life the cultures the four plasmas was com- 
pared, curve was obtained which showed about the same charac- 
teristics (Text-fig. 11). The duration life the fibroblasts 
vitro varied inverse ratio the age the animal, and decreased 
more quickly than the age increased. 

the differences the amount new tissue produced the 
plasma young, middle aged, and old chickens were large, the 
growth pure culture fibroblasts could employed reagent 
for detecting certain changes occurring the plasma under the 
influence age. But the method possesses the necessary accuracy 
only when used has already been and techni- 
cians thoroughly trained the details its application. 

comparative study the growth fibroblasts media con- 
taining serum, and serum under low and high concentrations, was 
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made order ascertain whether the decreasing rate cell multi- 
plication was due the loss accelerating factor, the in- 
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14. Curve showing the variations the index cicatrization 
wound sq. cm. area, function the age the patient. 


crease inhibiting one. high and low concentrations the 
serum young animals, difference the rate multiplication 
fibroblasts was observed. This showed that the serum actively 
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growing animal did not contain any accelerating agent. The same 
experiments were repeated with the serum year old and 
year old chicken. The medium made high concentration 
serum had markedly depressing effect the growth, and this 
effect was greater the serum the older animal (Text-fig. 13). 

The results the experiments showed very definite manner 
that certain changes occurring the serum during the course life 
can detected modifications the rate growth pure cul- 
tures fibroblasts, and that these changes are characterized the 
increase inhibiting factor, and not the loss accelerating 
one. appeared, therefore,that the substances which greatly accel- 
erate the multiplication fibroblasts and are found the 
not exist the blood serum, are constantly shielded more 
active inhibiting factors. The curve which expresses the varia- 
tions the inhibiting factor function the age was compared 
with that showing the variations the rate healing wound 
according the age the subject. For wounds equal size, the 
index cicatrization, which expresses the rate healing, varies 
inverse ratio the The different values the index 
cicatrization wound sq. cm. area, taken from measure- 
ments made Noiiy,® were plotted ordinates, and the age 
the subject (Text-fig. 14). The curve showed decrease 
the activity cicatrization which resembled the decrease the 
rate growth fibroblasts function the age the animal. 
This suggested the existence relation between the factors deter- 
mining both phenomena. 


IV. 


CONCLUSIONS. 


Under the conditions the experiments and within the limits 
accuracy the method, there definite relation between the 
rate growth pure culture fibroblasts, cultivated 
plasma, and the age the animal from which the plasma 


Noiiy, L., Exp. Med., 1916, xxiv, 451. 
Noiiy, L., Exp. Med., 1916, xxiv, 463. 
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obtained, the rate cell multiplication varying inverse ratio 
the age. similar relation exists between the duration life 
vitro the fibroblasts, and the age the animal. 

The variations the rate growth pure culture fibro- 
blasts may used reagent certain modifications occurring 
blood serum under the influence age. 

The action age serum characterized, not the de- 
crease accelerating factor for the multiplication fibroblasts, 
but the increase inhibiting factor. 
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STUDIES ENDOTHELIAL REACTIONS. 


THE ENDOTHELIUM THE HEALING ASEPTIC 
THE OMENTUM RABBITS. 


NATHAN CHANDLER FOOT, M.D. 


(From the Department Comparative Pathology, George Fabyan Foundation, 
Harvard Medical School, Boston.) 


(Received for publication, June 16, 1921.) 


study the reaction the capillary endothelium various 
pathological conditions would incomplete the part played 
its cells aseptic wound healing were not considered. The fact 
that fibrils were demonstrated the epithelioid cells tuberculosis 
1921) makes imperative ascertain whether cells like 
origin take part the formation fibers the process simple 
tissue repair after aseptic injury. stated previous papers 
this series studies endothelial reactions (Foot, 1919, 1920, 
1921), may assumed that the endotheliocyte! after leaving the 
vascular endothelium, may transformed into larger forms, known 
macrophages and many other names. They may also fuse 
with like cells form syncytia, giant cells. What their function 
the formation granulation tissue? have seen that they 
Higgins’ waterproof drawing ink and distilled water, administered 
intravenously; under these conditions they may followed after 
they leave the parent tissue and migrate other parts. Thereafter 
any cell the omental lesion found contain these ink globules 


The name endotheliocyte has recently been applied the small mononuclear 
endothelial cell, contradistinction the macrophage, histiocyte, the larger 
form this cell. will employed throughout this paper connection with 
the endothelial cell its small form, seen shortly after emerging from the 
vessels, 
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presumably endothelial origin, irrespective its position the 
tissue. 

must borne mind that this appears the only reliable 
means for identifying the endothelial cell extra situ. The use the 
more diffusible colloidal stains, particularly those the benzidine 
type, not alone sufficient; they usually fail stain the endothelium 
although they appear its derivatives the tissues outside 
the vessels and also stain cells that were never part the endothe- 
lium. They are, therefore, only reliable adjuncts the colloidal 
carbon used this connection. Recent articles, quoting this series 
papers, seem have missed this point; unless colloidal carbon 
employed, accurate comparisons cannot drawn. Aside from the 
liver epithelium, which this pigment can found after forced, 
prolonged administration, taken only cells which con- 
ceivably could have originated the capillary endothelium. 
probably not phagocytosed cells outside the vessels, since 
never found escaping through their walls free state, unless 
there hemorrhage; since does not appear transferred from 
cell cell, except when dead phagocytes are, turn, phagocytosed 
younger cells similar origin; and since apparently disappears 
from the circulating blood short time after its administration, 
being withdrawn the endothelium the liver, lungs, and bone 
marrow, lying the splenic sinuses their endothelium. This 
localizes the carbon granules principally the endothelium. Further- 
more, the endothelium peripheral capillaries the connective 
tissues does not seem take the ink readily unless somewhat 
inflamed and swollen; this accounts for the fact that ink spar- 
ingly found this situation the earlier lesions the series 
described later. When injected directly into the subcutaneous tis- 
sue, the carbon particles are taken almost entirely phagocytes 
and not the sessile cells; fibroblasts, when part the fixed tissues, 
seem have limited capacity for incorporating these carbon gran- 
ules, even when coated with them, that they may 
having phagocytic function.? 

seems probable that foreign particles are phagocytosed these cells 


while they are wandering about and retained them after they become sessile; 
the reasons for this assumption will made evident further this paper. 
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Another point that should kept mind that cells containing 
carbon and other vital stains seem way hindered from 
performing their vital functions; they can wander freely, divide 
mitosis when almost filled with these pigments, and phagocytose 
other substances, such fat, cellular debris, microorganisms. 
Fig. shows such cell mitosis, with large granules carbon and 
Niagara blue grouped both poles. Such cell division explains the 
rapid dispersal carbon particles through foci active cell pro- 
liferation, each successive division resulting corresponding dimi- 
nution the number pigment granules per cell. 

order answer some the objections that could raised against 
deductions based upon the study fixed and stained tissues, the 
behavior the ink particles has been observed vivo two widely 
separated groups animals, the frog and the rabbit. 


Action Ink cc. Higgins’ ink and distilled water equal 
parts, injected into the heart pithed frog, can found circulating 
free state the capillaries the mesentery and toe-web for about hour. 
After this chiefly contained cells which, Giemsa films, prove mono- 
nuclear leucocytes. (This refers the distribution the ink the mesentery 
and toe-web only.) These often adhere the endothelium, particularly the 
angles anastomosing vessels, and sometimes penetrate their walls and 
appear the tissues. Little ink taken the endothelium long 
the circulation continues moderately brisk. 

the rabbit omentum, however, the ink circulates free state for less than 
hour, urethanized animal injected intravenously with cc. per 
cent mixture Higgins’ ink distilled water and observed warm chamber. 
After hour the endothelium liberally dotted with black granules, even 
vessels where the circulation rapid. During hours free ink was seen 
leave the vessels either species animal; apparently the pigment was always 
‘carried out cells. The results these observations two amphibian sub- 
jects and one mammal would indicate that there are marked differences the 
physiology their endothelium, just there great dissimilarity their con- 
nective tissue cells. unsafe draw conclusions from observations based 
upon study inflammation Amphibia and then attempt apply them 
the same process Mammalia. More work will done this subject and 
reported later. 
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Technique. 


After experiments with various rabbit tissues, the fatty omentum 
was chosen the most suitable for the purpose. The results were 
compared with those obtained wounds the ear, abdominal wall, 
and skull; discussion these will have deferred for the present, 
would make this article too unwieldy. The fatty omentum con- 
tains between its two mesothelial layers little else save fat cells and 
vessels (Fig. 2); fibrous tissue scanty almost negligible 
and the lymphoid taches laiteuses are not encountered this fatty 
portion the organ. tissue is, therefore, very simple and any 
added element quickly detected. 


series animals was anesthetized and the omentum looped through 
and through sutures into bunch about cm. Rice’s No. 100 white 
sewing silk was always used. The omentum was then dropped back and the 
abdomen closed suture. The aseptic lesions thus obtained were removed, 
either after death the intravenous injection fixative under anesthesia, 
operation under ether, such intervals would produce lesions representing 

The tissues were fixed either Helly’s Zenker’s fluid, cut microns 
paraffin and stained with Mayer’s aqueous carmalum, Van Gieson’s stain, and 
Mallory’s aniline blue and his phosphotungstic acid-hematoxylin stains. the 
Van Gieson procedure care was taken use only freshly prepared Weigert’s 
(the iron chloride solution deteriorates rapidly) and soak the 
sections for hour more water, before counterstaining with Van Gieson’s 
picric acid-acid fuchsin solution. This brings out the nuclear details and the 
fibroglia fibrils way that impossible obtain the counterstain applied 
immediately after the hematoxylin. All the animals were given cc. per 
cent Niagara distilled water intraperitoneally daily for three doses and 
thereafter thrice weekly. They received per cent Higgins’ waterproof drawing 
ink distilled water intravenously; the injections were begun the time 
operation. week they were given cc. daily, those living longer were 
injected with cc. three times week. 

Several the lesions representing critical periods the series were produced 
duplicate triplicate, separate animals; especially the and day 
lesions. None them showed evidence infection except one the day 
set, which there was more exudate than could explained trauma alone. 
This infection was, however, insufficient cause gross changes. 


Niagara blue was kindly furnished Dr. George Wislocki, the 
Department Anatomy Johns Hopkins Medical School. 
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Macroscopic Examination. 


Macroscopically the omental lesions were swollen and hemorrhagic 
days, thereafter diminishing size, but increasing firmness. 
Their surface was covered with light coating fibrin most cases; 
some, where there was slight capillary oozing, was encased 
thick, whitish envelope. This was purposely produced, will 
seen later. section the lesions were like the normal fatty omen- 
tal tissue, with hemorrhagic areas the early lesion; the older 
specimens they appeared pale and fleshy and finally fibrous. 


Microscopic Examination. 


The description the microscopic changes will confined 
far possible the consideration the behavior the endothelio- 
cyte and its derivatives, and that fiber formation. The other 
features aseptic wound healing are too well known merit further 
discussion. there are two fields study the experiment, the 
lesion the omentum and that the immediate vicinity the 
stitches, they will considered separately. 

Changes the Omental first there the usual hemor- 
rhage and exudation fluid, fibrin, and polymorphonuclears; the 
capillary endothelium becomes swollen very early the process 
(Fig. but does not show much ink first, this was administered 
the time operation when the capillary endothelium was yet 
unaffected. endotheliocytes surround the smaller ves- 
sels, and single cells can found penetrating their walls, one group 
migrating through the tissues, another tending become sessile and 
form network anastomosing cell processes. These groups will 
followed separately. the 2nd day mitotic figures are abundant 
the endothelium the capillary blood vessels and, lesser ex- 
tent, the lymphatics; they are also found the wandering, rounded, 
spheroidal cells some distance from the vascular areas. Some 
these cells lie just outside the capillaries, others distance, 
and many contain from one two, many granules carbon. 
Very few mitotic figures are found sessile spindle cells; there are 
more division figures the vascular endothelium and immediately 
outside the vessels than elsewhere the sections. The prolifera- 
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tive activity the injured tissue found chiefly near vessels. 
Lymphocytes and plasma cells appear the 3rd day (Fig. 4). 

the end hours the wandering group endotheliocytes 
begins surround the damaged fat cells and form wall about them; 
but this more striking the 3rd day (Fig. 5), when syncytia, 
foreign body giant cells, are formed. These are easily found the 
4th day (Fig. Many the phagocytes, now grown large enough 
called macrophages, show mitotic figures, and mitoses can 
found the protoplasm the syncytia, shown Fig. taken 
from day lesion. one instance multiple mitosis seen 
one these giant cells (Fig. 8), resembling those observed the true 
tumor giant cells. There monaster the center, lying the 
equator diaster (seen slightly second diaster, much 
smaller, situated one corner the cell. This the first time 
that mitotic figures have been observed the syncytia formed 
this series experiments. Phagocytes also invade the pyramidal 
spaces between fat cells and multiply freely, some them becoming 
sessile and intimately connected with delicate fibrous network 
(cf. Fig. 6), thus joining the sessile group. 

the 4th day wandering phagocytes begin appear increasing 
numbers near the periphery the omentum, lying remnants 
fibrin which was deposited during the more acute the inflam- 
mation. Niagara blue, granular form, now very evident these 
cells. Plasma cells and lymphocytes continue increase number, 
but are not vitally stained and not seem play formative part 
the process. the 6th day the injured fat cells are reduced 
size and largely replaced syncytia, and there definite zone 
vitally stained, vacuolated phagocytes the periphery the omental 
sections. Apparently they have removed much the fat that was 
liberated operative trauma. New capillaries are found branching 
among the fat cells, where they were formerly few number. The 
number plasma cells and lymphocytes decreases. 

the 9th day phagocytes are found penetrating the surface the 
omentum and entering the peritoneal cavity, where they lie fibrin 
coagulum (Fig. 9). They may also enter lymphatic spaces the 
tissue and form large, pyramidal plugs granular, blue-stained mac- 
rophages. Their task apparently finished, they have removed the 
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debris. Many them degenerate and die, death being indicated 
the vital staining their nuclei with the Niagara blue. Although 
the morphology nucleus and cytoplasm apparently normal, the 
color (in carmalum sections) blue instead the normal carmine, 
upon which the blue superimposed. blue, like trypan, isa- 
mine, pyrrhol blue, trypan red, valuable indicator cell 
death, for marks the onset death before the morphology the 
cell has changed beyond the degree shown degeneration. These 
cells then disintegrate, liberating their contained ink and Niagara 
blue not group dispersed granules, but black blue glob- 
ules, often large erythrocytes. One more endotheliocytes 
often lie near such dead phagocytes and appear pick their debris. 

The tendency the endotheliocytes form fixed tissue not 
limited the first hours the process under observation. They 
appear this throughout the entire series lesions, that new 
tissue formed first near the vessels, gradually spreading among the 
fat cells, along the denuded surface the omentum (Figs. 
and 11). first cells lie free this surface, surrounded strands 
fibrin. They gradually send out more and more protoplasmic 
processes, and, time goes on, fibrous tissue forms their neigh- 
borhood and penetrated new capillaries, which turn furnish 
more endotheliocytes. There are normally very few fibroblasts 
present this tissue; that some them proliferate and form new 
fibrous tissue is, course, probable, but the impression gained from 
intensive study great many sections from these lesions that 
the new tissue the result migration cells and subsequent 
proliferation, rather than the proliferation cells already present. 
This impression intensified the presence carbon many 
typical fibroblasts. 

The changes seen between the end the 1st week and that the 
2nd are ascribed absorption and fibrosis. The phagocytes 
remove much the fat, leaving place the large, pale omental 
fat cells, areas much smaller fat vesicles. Between these, fibrous 
tissue formed (Fig. 12). 

Stitch Absorption—After day the stitches are found surrounded 
bands coarse fibers, apparently collagenous nature. This 
could accounted for the stitch cutting through several layers 
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fat cells and gathering the interstitial fibers that lie between them 
into one strand connective tissue, coagulation some ma- 
terial substance around the stitch. these fibers often appear 
rather granular, and similar fibers, discussed later, appear 
areas hemorrhage, the latter explanation seems the better. The 
only cells present this time are erythrocytes and polymorphonu- 
clears, which lie between the silk fibers coarse, granular coagulum 
that also gives the color reaction collagen, though faintly (Fig. 13). 

Endotheliocytes invade spaces between the silk fibers the 4th 
day; many them contain ink and show fibroglia fibers. Were 
not for the ink, they would pass for fibroblasts from the surrounding 
connective tissue; but must remembered that the surrounding 
connective tissue very scanty, while these cells are quite numerous. 
They next crowd together and form syncytia (Fig. 14), which are 
well developed the 6th 7th day. Among these, numerous dis- 
crete cells can seen, with and without ink 
fibroglia and collagen delicate, well defined type can 
demonstrated. the same time the coarse, fibrous band surround- 
ing the stitch whole invaded wandering cells and teased out 
into dense network delicate collagen fibrille. This the first 
evidence cellular activity this particular band fibers. Some 
the cells that penetrate show ink granules. 

week the syncytia the stitch have become very large and 
surround the silk fibers with sheaths protoplasm, within which 
lie fibroglia fibrils, ink granules, and Niagara blue. few days later 
some the elongated syncytia begin show peculiar fringes 
very coarse fibroglia fibers, which project from their narrow extremi- 
ties (Fig. 15). These fibers stain blue with Mallory’s phosphotung- 
stic acid-hematoxylin, red with his aniline blue connective tissue 
stain, and faintly gray with Van Gieson’s stain. weeks 
much the silk disintegrated and the syncytia are filled with the frag- 
ments (Fig. 16). Collagen fibers run all directions between the 
remaining silk fibers, and fibroglia binds the cellular elements closely 
together. The silk sometimes completely absorbed, and the syn- 
cytia, their work completed, break into masses epithelioid cells 
(Fig. 17) after their nuclei have rearranged themselves. Cell bound- 
aries appear between the latter, where none existed the earlier 
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lesions. The coarse fibroglia fibers disappear. place the fields 
syncytia, there are masses more less closely packed cells and 
small syncytia, with few instead many vessels 
grow into these areas and are surrounded numerous endothelio- 
cytes. Ink particles are retained throughout this process the 
cytoplasm the syncytia and the cells into which they resolve. Coarse 
collagen fibers are interwoven with these cells (Fig. 18). 

Fiber contrast normal omentum, which there 
little fibrous tissue almost negligible (cf. Fig. 2), fibers 
are found soon after inflammation sets in. Their formation diffi- 
cult follow step step. They are scattered through small masses 
fibrin distended tissue spaces; coarser and more undulating than 
fibrin threads, they lack the nodal thickenings these and give 
faint collagen reaction. The fibrin partly removed, partly consoli- 
dated into coarser bands, like the torn shreds spider-web (Fig. 
19) and, the 4th 5th day, itis abruptly replaced delicate 
felting crinkled collagen fibrils (Fig. 20). 

difficult interpret the part played cells the production 
this felting; that the polymorphonuclears remove, dissolve 
much the fibrin seems evident. Sometimes there moderate 
number spindle cells such area, sometimes but two three 
(Fig. They may may not contain ink and are always sur- 
rounded delicate, cocoon- sheath-like network fine collagen 
but fibrils the same type, coarser, may found 
distance from any cells, these sheaths might represent local reaction 
the cells the part the intercellular substance, product 
the cells themselves. The theory that these filaments are formed 
either from rearranged fibrin, filamentous coagulation tissue 
fluids, impregnated later with collagen, should reconsidered. 
Coarse bands collagen fibers appear where none are found con- 
trol sections, without any obvious association with fibroblasts. Fur- 
thermore, they appear near masses fibrin (Fig. 22) vascular 
areas (Fig. 23). Fig. shows mass coarse, almost hyaline 
fibers that formed beneath hemorrhagic effusion purposely produced 


breaking giant cells has been observed vivo tissue cultures 
bone marrow, which they form cotton threads, the cover-slip itself. 


> 


634 ENDOTHELIAL REACTIONS. 


over the omental surface, which was days standing will 
seen that there are practically fibroblasts near these fibers. 
The latter stain red Van Gieson sections, blue with Mallory’s 
aniline blue method, and brownish red with phosphotungstic acid- 
hematoxylin; either they are collagen fibers, the three best known 
collagen stains are worthless Similar fibers are found areas 
where there has been infarction due strangulation the stitches. 
They not appear clots formed outside the tissue the peri- 
toneum, fibrin alone apparently does not produce them. Some fluid, 
either secreted living cells, released from them crushing, com- 
ing contact with another fluid the clot might combine with 
form fibrous coagulum, after the manner chemical reaction. 
The resulting fibers wouid tien become impregnated with collagen, 
might themselves represent collagenous precipitate. Judging 
from their gradually becoming more and more intense color 
reactions the first hypothesis would seem more probable. 

That fibroblasts alone not form fibers this type in- 
ferred from the fact that they invade areas hemorrhage and grow 
luxuriantly, forming dense network anastomosing cells (Fig. 
24). these masses there are collagen fibers whatever, and 
also significant that there little fibrin present here. far 
fibroglia fibrils are concerned, there nothing this experiment 
alter existing theories; that they apparently appear and disappear 
with readiness shown two instances: when fibroblasts undergo 
mitotic division there trace fibroglia their cytoplasm, and 
when syncytia that have apparently contained heavy fibroglia fibers 
break into smaller cells, they leave trace these fibers such. 
some interest that fibroglia readily demonstrable these 
syncytia, which are generally admitted endothelial origin, 
but which heretofore only reticulum has been demonstrated 
other writers. 

The literature fiber formation too voluminous extensively 
quoted here; ample discussion and references can found any 
standard text-book histology pathology. What has been said 
here bears out the findings Baitsell 1916) striking 
degree, although his papers had not been read the time writing 
this section. While was unable obtain successful red staining 
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reaction, using Van Gieson’s stain, with the collagen fibers de- 
scribed, and although they stained blue with Mallory’s aniline blue 
method, will seen that the case the rabbit tissue now under 
discussion not only these two stains, but also phosphotungstic acid- 
hematoxylin gave successful collagen reaction. For résumé 
the literature this immediate topic the reader referred 
article Lewis (1917). 


Mesothelial Reactions. 


There very little say concerning the reaction the mesothelial 
covering cells the omentum; they become detached very early 
the process inflammation and regenerate during the first 
days. Areas local proliferation are found, the cells tending form 
small clumps, heaps, the denuded surface. The peritoneum thus 
formed very readily detached during the process fixation, partic- 
ularly over areas where there has been extensive scar formation, 
that they appear completely denuded. few cells the meso- 
thelial type may found here and there, often partially detached, 
indicating that the covering layer has been rubbed off manipu- 
lation. The vital staining the mesothelium peculiarly scanty; 
although bathed large amount aqueous per cent Niagara 
blue, most this appears through the cells without leaving 
very noticeable traces beyond few, faintly blue granules. The 
phagocytes immediately beneath the peritoneum, however, are deeply 
pigmented both with blue and black granules. This true the 
normal well the injured portions the omentum after fixa- 
tion with Helly’s Zenker’s fluid. 


DISCUSSION. 


For the sake convenience the endothelial cells under discussion 
may belonging three types, groups; but must 
understood that these groups are quite artificial. The endothelial 
cells the end capillaries appear retain non-specific embryonal, 
characteristics, acquire them under the influence injury; 
they can then take one three types growth, each which 
passes readily into one the others. 
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Group behave exactly like those cells observed the 
first paper this series (Foot, 1919), the reactions agar injec- 
tions. Arising from the capillary endothelium, they leave the ves- 
sels and wander about the tissues phagocytes, and may persist 
such the end the experiment. They are capable further 
proliferation the tissues, forming syncytia, which are probably 
temporary character, fusion with one another and further 
multiplication their nuclei after this fusion (cf. Figs. and 8). 
They can remove debris various sorts, either digesting it, 
toplasm. They either migrate the peritoneal surface enter 
lymphatics, the termination the process that calls them out. 

Group B.—These cells not function phagocytes after leaving 
the vessels, but become sessile almost immediately and produce 
new tissue. differ from fibroblasts respect, excepting that 
they contain ink, and they exhibit all the characteristic functions 
that cell. probable that these two groups are freely inter- 
changeable, phagocytes (Group becoming sessile, and fixed cells 
(Group rounding and becoming free phagocytes. 

Group C.—This group remains specific far the cells which 
composed are concerned with the production new capillaries 
budding. The endothelium these new capillaries takes ink 
with the same avidity does that its parent vessel, provided that 
the ink supplied frequently enough throughout the experiment. 
Its component cells may then undergo the changes which character- 
ize the preceding groups. 

Injury inflammation causes dilatation the end capillaries, 
stagnation the blood stream, and swelling and proliferation the 
essentially unstable non-specific endothelial cells. These can 
found the act penetrating the vessel walls and leaving the cap- 
illaries, each which becomes surrounded distinct zone, col- 
lection spheroidal cellsthat are not present this situation con- 
trols. found mitosis and numbers them 
contain ink globules. Despite this proliferation, new vessels are 
not formed any extent before the 5th 6th day the process. 
The distribution shown count 100 unmistakable monasters 
and diasters, sections from day lesions and three counts 
from and day lesions, presented Table 
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The second column includes mitoses found cells situ the 
vascular endothelium; the third, those cells the immediate neigh- 
borhood the vessels; the fourth, mitoses found cells not apparently 
near any vessel; the fifth, peritoneal cells; and the sixth, cells spindle 
shape various situations. The count 100 mitoses was made 
two observers, avoid personal error. The variations the 
count from day day are not very marked, except that the 
6th, which shows marked increase perivascular figures and 
diminution those found spindle cells. From the average per- 
centages clear that per cent the total number mitotic 
figures are near the capillaries, per cent cells that are 
distance from vascular areas, these cells being rounded and 


TABLE 
per cent per cent per cent per cent fer cent 


some them containing ink, that they might well migrated 
endotheliocytes; only per cent mesothelial cells, or, more properly, 
per cent, seen the younger lesions only; and but per cent 
cells which, from their morphology alone, would classed fibro- 
blasts. previously stated, some these, too, contain ink. 

From the preceding paragraph will plain why many these 
cells are considered endothelial origin. Aside from the pres- 
ence ink there are (a) the predominance intravascular and 
perivascular proliferation without corresponding production new 
vessels; and the presence many new cells rounded form, 
with vesicular nucleus and generous cytoplasm places where none 
are found under normal conditions, together with insufficient evi- 
dence proliferation the preexisting, fixed tissue elements these 
localities. 
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said that the perivascular collections cells arise from the 
proliferation fibroblasts closely applied the outside the capil- 
laries and not readily visible under normal conditions. admitted 
that these become detached and rounded they cannot dis- 
tinguished from endotheliocytes, until they again become spindle- 
shaped and form fibrils. How does the ink get into their cytoplasm? 
Since does not pass the vessel wall such, must transferred 
from cell cell, which, this case, would merely fix foreign body 
the tissue, instead leaving cell that might migrate the 
lymphatics and remove anthracosis. short, must assume 
proliferate enormously which cannot demonstrated 
this experiment; and must have inert particles material trans- 
ferred from cell cell; all this before the theory that these are all 
connective tissue cells can maintained. not more probable 
that the cell becomes laden with ink while part the vessel 
(demonstrable vivo) where there plenty that substance, and 
migrates from the vessel, retaining this ink? That these cells can 
form fibrils reticulum well known (Corner, 1920); that the retic- 
ulum undergoes transformation into fibroglia and associated with 
the production collagen fibers around the liver sinusoids has also 
been shown (Kon, 1907-08, Réssle and Yoshida, 1909). fact, 
fibrils can demonstrated readily the capillary endothelium with 
Mallory’s aniline blue connective tissue stain (red) and with his 
phosphotungstic acid-hematoxylin method (blue); the differences 
color observed fibers stained the Bielschowsky-Maresch method 
may attributed largely their size and density, rather than 
definitely specific differences. 


SUMMARY. 


The following hypothesis may deduced from the evidence just 
submitted: The endothelium the end capillaries, the and 
the immediate derivatives these two are all mesenchymal origin. 
Injury produces reaction wherein there stasis and hemorrhage, 
with the exudation cells and fluids that contain some element 
elements that affect these mesenchymal derivatives such way 
reestablish their embryonal characteristics. result, they form 
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local, temporary mesenchyma the site injury, proliferate, 
migrate, and differentiate according the needs the case until 
the injury repaired. They may form connective tissue, phagocytes, 
polyblasts, new vessels, etc. Phagocytosis and absorption gradually 
withdraw the exciting agents from the seat injury, the temporary 
and all that remains the products 
the process that are necessary for scar formation. apparently 
erroneous think the mononuclear cells young granulation 
tissue fibroblasts, endotheliocytes, etc., they should considered 
representing various stages the differentiation local mes- 
enchyma until the process healing completed, when they return 
the adult types represented these more specific names. The 
term polyblast, originated Maximow, particularly applicable 
these cells, for under the conditions they are truely polyblastic; 
but that they are derived from lymphocytes not indicated results 
this experiment—the lymphocytes and plasma cells appear play 
part that unconnected with the formation new tissue. 

definite statement can made the nature the stimu- 
lating substance, substances, that bring about this reversion 
embryonal type. indicated, they are associated some way with 
the blood, for the most marked cellular metaplasia noted con- 
nection with areas hemorrhage, proximity vascular areas. 
That the exciting substances are contained the erythrocytes 
furthermore indicated the fact that the most metaplastic areas are 
found where the mesenchymoid cells are growing among masses 
red corpuscles, with little visible fluid fibrin present (cf. Fig. 24). 
Whether these substances are enzymes not purely problematical. 

There very little, the several hundred sections studied for this 
and later papers, indicate that wound healing orderly pro- 
cession specific cells designated positions these wounds. The 
only tissues retaining their continuity growth degree any 
way comparable with the descriptions some text-books, are the 
surface epithelium and the vascular buds, branches. The ma- 
jority mononuclear cells mesenchymal type appear fill the 
injured area migration, rather than growth continuity. Once 
they have reached certain point, they react the various ways 
just described. There is, course, migration differentiated cells, 
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such macrophages, polymorphonuclears, lymphocytes, etc., from the 
healthy tissue; but the framework, structural foundation, the 
granulation tissue appears composed the practically undiffer- 
entiated derivatives the connective tissue and capillary endothelium. 
other words, conceivable that cells originating from connective 
tissue might become phagocytes and vice versa, both types tempo- 
rarily losing all specificity under the influence some chemical 
enzymatic excitant the exudate. Until understand the phys- 
iology and chemistry that determine the developmental and retro- 
grade changes the normal, embryonal mesenchyma, well 
those this temporary mesenchyma, can never fully comprehend 
wound healing. 


CONCLUSIONS. 


The proliferation the capillary endothelium rabbit omen- 
tum, aseptic inflammation, may result the production (a) 
new vessels, (b) phagocytic endotheliocytes, and (c) cells which 
appear take the functions of, and indistinguishable from 
fibroblasts. 

The last two the above types may identified their se- 
lective action for colloidal carbon, taken while they are part the 
and apparently retained them throughout the 
experiment. 

The three types appear freely interchangeable and not 
distinctly specific groups. 

Cellular proliferation almost equally abundant near 
vessels and free cells some distance from them, but mitoses 
fixed tissue cells constitute only 6.5 per cent the average total 
count. 

Carbon contained the endotheliocyte does not affect its vital 
functions appreciably, particularly that mitotic division. 

Mitoses may found, this experiment, syncytia (foreign 
body giant sometimes multiple mitoses, such occur tumors, 
are found true giant cells among the syncytia. 

this experiment collagen fibers are formed, apparently inde- 
pendently cellular activity, from fibrin some substance associated 
with fibrinous clots. The mechanism this phenomenon not yet 
evident. 
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Coarse fibroglia fibers may formed within the cytoplasm 
foreign body syncytia, which are endothelial origin. 

The reaction the omental mesothelium, under the conditions 
this experiment, similar that the epithelium skin wounds; 
aside from covering denuded surfaces apparently takes further 
part the process scar formation. 
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EXPLANATION PLATES. 


Figs. 11, 14, 15, 16, 17, and were prepared with Mallory’s aniline blue 
connective tissue stain, the rest are from slides stained the Van Gieson method. 
This explains the pallor the silk fibers Fig. 13. Wratten filters and 
were used all Van Gieson photomicrographs, filters and used most 
the aniline blue connective tissue stain photographs. 


51. 


Fic. Mitosis spindle cell containing carbon and Niagara blue. Note 
condition endothelium neighboring capillary and distribution ink. 3rd 
about 780. 

Fic. Normal fatty omentum for control purposes. about 

Fic. Perivascular proliferation end day. about 390. 

Fic. Distribution carbon and plasma cells upper right corner. 
days. about 390. 

Fic. Endotheliocytes surrounding fat cells. Note ink and diminution 

Fic. Same 4th day. Syncytia and fibers forming. about 390. 
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Fic. Same after days. Mitosis syncytium left. Further diminu- 
tion size fat cells. about 390. 

Fic. Multiple mitosis giant cell edge fat. (The black structures 
are chromosomes and not carbon.) 6th day. about 780. 

Fic. Vitally stained cells exudate surface omentum. 9th day. 
about 390. 

Fic. 10. Fibroblasts containing ink. about 390. 

Fic. 11. Organization surface omentum. 9th day. about 390. 
Fic. 12. Fibrosis and great reduction about 390. 


53. 


Fic. 13. Silk suture about 390. 

Fic. 14. Same after days. about 390. 

Fic. 15. Same after days. Note coarse fibroglia fibers. about 390. 

Fic. 16. Same after weeks. Silk fibers becoming striated and less opaque. 
about 390. 

Fic. 17. Same after days. Epithelioid cells developing from syncytia 
these break up; silk almost absorbed. about 390. 

Fic. 18. Silk absorbed; collagen fibers forming site syncytia which are 
breaking about 390. 


PLATE 54. 


Fic. 19. Clot after days. Note wavy fibers that appear and compare them 
with the fibrin. about 390. 
Fic. 20. Fibrin absorbed; new collagen fibers appearing. 6th day. about 
390. 
Fic. 21. Coarse fibers clot, two three fibroblasts among them. 3rd 
day. about 390. 
22. Coarse collagen fibers formed between exudate and fibrin tissue. 
Note comparative absence fibroblasts. 4th day. about 390. 
Fic. 23. Fibers vascular area; cell leaving neighborhood capillary just 
below center. days. about 390. 
Fic. 24. Metaplastic fibroblasts growing fibrinous hemorrhage. about 
390. 
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